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NO-TILLAGE RENOVATION OF ALFALFA STANDS 
by
George William Mueller-Warrant 
University of New Hampshire, May 1981
The effects of herbicides, timing, and rates on the introduction 
of alfalfa (Medicago sativa L.) into six stands of alfalfa at varying 
stages of decline were investigated.
Alfalfa was seeded on several dates from 25 April through 28 May 
1979 with a Tye Pasture Pleaser no-till seeder. Glyphosate (N-(phos- 
phonomethyl) glycine) was applied in the fall of 1978, early May, or 
late May of 1979 at four rates. Applications of glyphosate were also 
split between fall and spring. Two rates of pronamide (3,5-dichloro- 
(N-l,l-dimethyl-2-propynyl) benzamide) were applied in the fall of 1978, 
with, or without, subsequent application at seeding of paraquat (1,1'- 
dimethyl-4,4'-bipyridinium ion) at 0.28 kg/ha. Paraquat was also 
applied at 0.56 kg/ha in a single application at seeding, split among 
two applications in the spring, or split between fall and spring. 2,4-D 
((2,4-dichlorophenoxy) acetic acid) was applied at some locations. 
Unseeded checks included pronamide application, nitrogen fertilization, 
and no treatment. The 1980 study involved glyphosate applied on ten 
different dates in May with a 28 May no-till seeding of alfalfa.
On three alfalfa fields containing significant amounts of alfalfa, 
pronamide treatment without seeding increased percent alfalfa, alfalfa 
yield, and content of crude protein in the forage, but decreased forage
xi
yields as much as 43 percent, compared to an untreated check, the first 
harvest after treatment.
Application of glyphosate in either early or later May gave better 
control of grasses and broadleaf weeds than did application in the fall. 
Control of old alfalfa with glyphosate applied in the fall varied with 
location; at one site application of 2.2 kg/ha on 1 November provided 
excellent control, while at two other sites even 3.0 kg/ha applied in 
late October had no effect on existing alfalfa. For rates of glysophate 
providing comparable control of vegetation, fall was superior to spring 
treatment, and early May was superior to later May treatment, in terms 
of seeding density and first harvest forage and alfalfa yield. At some 
locations, substantially decreased seeding density with application of 
glyphosate in late compared to early May was associated with decreased 
yield of subsequent harvests.
The greatest advantage to delayed seeding following application of 
glyphosate was on soils which were near saturation at time of seeding. 
Delayed seeding was not as beneficial on sandy, very well-drained soils, 
where seedlings established well with glyphosate applied Immediately 
prior to seeding. At all but the most sandy sites, the best establish­
ment was with late May seeding combined with split application of 
glyphosate (fall + late May), which gave the advantages both of seeding 
into a well-decomposed sod and of excellent control of all existing 
vegetation. Comparable results were obtained with the combination of 
glyphosate applied in early May with a late May seeding.
The positive contribution of old alfalfa to the renovated stand, 
as well as the negative effect of competition with new seedlings, was
xii
studied with regression analysis. Two tons/has or more of old alfalfa 
growth during the 8 to 11 weeks following seeding seriously interfered 
with seedling establishment. Yield potential of these plots in sub­
sequent harvests was directly related to the amount of old alfalfa 
present at the first harvest after seeding, indicating that little or 
no new alfalfa had been established. Old alfalfa yield of about 1 ton/ha 
at the first harvest after seeding both allowed for successful establish­
ment of many seedlings and contributed to high yield potential of the 
resultant mixed stand of old and new alfalfa plants.
Glyphosate applied at 0.75 kg/ha in May permitted enough vegetation 
to survive to compete seriously with seedling alfalfa. Existing alfalfa 
tolerated 0.75 kg/ha of glyphosate applied on 2 May, but not on 16 May. 
The 1.5 kg/ha rate was generally adequate for best results if two weeks 
or more elapsed between treatment and seeding. When seeding was per­
formed within a few days after treatment, establishment generally 
improved with rate up to 3.0 kg/ha. Three kg/ha or more of pronamide 
were required for best grass control and seedling establishment.
Paraquat provided adequate suppression of vegetation only with split 
application in the spring. Treatment with pronamide in the fall followed 
by paraquat at time of seeding Improved results over those from either 
herbicide alone.
REVIEW OF THE LITERATURE
Alfalfa Establishment Practices
The Initial step in the establishment of a productive stand of 
alfalfa (Medicago sativa L.) is modifying soil pH and fertility to the 
requirements of alfalfa. Specifically, the optimum pH for establish­
ment, productivity, and persistence of alfalfa is near neutrality, but 
alfalfa may persist and yield relatively well at a pH as low as 5.5 if 
the soil contains sufficient calcium, phosphorus, and potassium 
(Willard, 1953). Mineral requirements of alfalfa include high levels 
of potassium, calcium, magnesium, phosphorus, and sulfur (Prince, 1956). 
Additionally, for persistence of alfalfa, the soil should be deep and 
well drained.
In the Northeast, the conventional techniques for establishing 
alfalfa involve plowing the soil, incorporating limestone and phosphate 
if needed, and seeding alfalfa alone or in a mixture with perennial 
forage grasses. Alfalfa or an alfalfa-grass mixture is often sown with 
a companion crop of small grain in the spring, or without the companion 
crop in late summer. An alternative seeding method is to clear seed 
alfalfa in the spring using a herbicide such as EPTC (S-ethyl dipropyl- 
thiocarbamate) to suppress weeds. According to Prince (1956), mixtures 
of alfalfa and forage grasses such as smooth bromegrass (Bromus inermis 
Leyss) and orchardgrass (Dactylis glomerata L.) offer several advantages 
over pure alfalfa. The seeded grass will help prevent volunteer establish­
ment of finer-leaved, lower yielding perennial grasses. Also, the
1
mixture will likely be higher yielding than pure alfalfa, especially if 
soil conditions in all or parts of the field are less than optimum for 
alfalfa. Finally, the presence of the grass will help reduce heaving 
injury to alfalfa.
The tillage of the seedbed in the conventional method of establishing 
alfalfa can be considered to perform three distinct functions: (1) in­
corporate lime and fertilizer; (2) destroy vegetation and bury trash; 
and (3) prepare a suitable seedbed for germination and emergence of 
alfalfa. As Elliot (1968) said, "the period of germination and very 
early growth is the one during which the crop is most at risk." Once a 
crop is well established, growth is "unaffected by whether the seedbed 
is tilled." On fields previously brought to high fertility (such as 
that required for alfalfa production) as in the conventional seeding 
method, surface application of lime and fertilizer ought to be sufficient 
to maintain that level of fertility (Moschler et al., 1973; Blevins et 
al., 1978). Riley et al. (1975) state that in moderate and high fertility 
soils, phosphorus and potassium near the soil surface are readily taken 
up by no-tillage crops. Sprague (1952) commented that the "problem of 
(reduced-tillage) pasture renovation is primarily one of preparing a 
suitable seedbed for small seeded legumes and grasses." Van Keuren and 
Triplett (1970) noted that in no-till renovation it is necessary to 
reduce grass competition during seedling establishment of alfalfa. 
Comparing what was the conventional method for seedbed preparation of 
unplowable pastures (10 to 20 diskings) to use of herbicide plus three 
diskings, Sprague (1960) found that the reduced tillage method gave better 
establishment, probably due to less drying out of the soil.
Herbicides such as glyphosate (isopropylamine salt of N-(phosphono- 
methyl) glycine) and paraquat (1,1'-dimethyl-4,4'-bipyridinium ion) are 
now available to suppress or kill existing vegetation with little or no 
residual activity in the soil (Sprankle et al., 1975a), and can provide 
control of weeds equal to, or exceeding, that achieved by tillage.
T)
Minimum or no-tillage seeding equipment such as the A. C. Notill seeder, 
the J. D. Powrtill®’, and the Tye Pasture Pleaser^ can prepare narrow rows 
of acceptable seedbeds in untilled sods (Olsen et al., 1978). Demonstra­
tions of sod-seeding as a method of establishing legumes included the 
work of Decker et al. (1969), Taylor et al. (1969), and White (1970).
Work at UNH has shown that the no-till technique has potential comparable 
to the best conventional methods of seeding alfalfa on a high fertility 
site (Mueller-Warrant and Koch, 1980b).
Reasons for Alfalfa Decline in Hayland
In considering use of no-till reseeding as a way to improve runout 
stands of alfalfa, it is logical to begin a search for obstacles to 
success with the question of why the old stand of alfalfa declined. 
Alfalfa plants most often die during the winter season. However, the 
causes of such mortality may relate to the previous growing season as 
well. Wallen and Jackson (1978) studied the fate of over 10,000 alfalfa 
plants over a three-year period and found that the areas of the field 
with the greatest losses of alfalfa were those which were also the 
wettest. Ouellet (1977) examined a decade of climatological data and 
related it to winter injury of alfalfa at two locations in Ontario. He 
found that winterkill at the drier, colder site, which often lacked snow.
4cover, was most affected by air temperature In the dormant season. At 
the wetter site, where heaving and ice sheeting were common occurrences, 
death of alfalfa plants was most affected by the amount of rainfall. 
Tysdal (1953) points out that fall is the critical time for buildup of 
necessary root reserves if alfalfa is to survive the winter. Fall 
harvest should either be taken late enough that little regrowth and 
utilization of stored carbohydrates reserves occurs after harvest, or 
early enough to give the alfalfa plants at least four weeks to regrow. 
before prolonged below freezing temperatures occur. Otherwise, alfalfa 
plants may be seriously weakened, causing death of some and reducing the 
yield potential of the alfalfa stand.
Another cause of decline of the alfalfa component in a sward is 
inadequate availability of potassium, favoring the grasses, which are 
more efficient at absorbing potassium (Rich and Odland, 1947). Alfalfa 
plants weakened by potassium deficiency will have lower rates of photo­
synthesis (Morard, 1974), which could lead to reduced carbohydrate 
reserves and increased susceptibility to winter injury.
In addition to loss of alfalfa plants due to these weather and 
management factors, disease and insects may be involved. Recommended 
solutions to disease problems include crop rotation and the use of 
resistant varieties. Insect-caused plant injury and death may be an 
ongoing problem in runout alfalfa fields where the old alfalfa plants 
may harbor the pests. Pest problems in no-till seeding of alfalfa have 
been suggested as causes of some seeding failures (Linscott et al., 1973) 
and some detailed studies have been performed (McPherson et al., 1980; 
Kalmbacher et al., 1979).
5For those causes of alfalfa mortality which would be either cor­
rectable or sporadic in occurrence, it would be reasonable to assume 
that reseeded alfalfa should have longevity nearly the same as that of 
the originally seeded alfalfa. If diseases and insects caused a loss 
of stand and remained in a field, the option of no-till reseeding al­
falfa into these areas may not be viable. Kalmbacher et al. (1979) 
speculated that reestablishment of legumes by successive sod seedings 
might be difficult if snail (Polygyra cereolus Muhlfeld) populations 
(which had caused some destruction of legume seedlings in their 
experiments) were to increase with time.
Herbicide Effects on Runout Alfalfa Stands
According to Linscott (1979), species present as weeds in alfalfa 
fields in the Northeast include dandelion (Taraxacum officinale Weber), 
quackgrass (Agropyron repens (L.) Beauv.), yellow rocket (Brabarea 
vulgaris R.Br.). chickweed (Stellaria media (L.) Cyrillo), wild mustard 
(Brassica kaber (DC) L.C. Wheeler), curly dock (Rumex crispus L .), white 
cockle (Lychnis alba Mill), lambsquarter (Chenopodium album L .), pig­
weed (Amaranthus retroflexus L.), milkweed (Asclepias syriaca L.), 
fleabane (Erigeron spp.), yellow nutsedge (Cyperus esculentus L.), 
foxtails (Setaria spp.), fall panicum (Panicum dichotomiflorum Michx.), 
crabgrass (Digitaria sanguinalis (L.) Scop.), barnyardgrass (Echinochloa 
crus-galli (L.) Beauv.), and annual bromes (Bromus spp.). To this list 
must be added perennial grasses which either increase in abundance or 
colonize an alfalfa stand as old alfalfa plants die, including fine­
leaved grasses such as Kentucky bluegrass (Poa pratensis L.), red fescue
(Festuca rubra L.) and poverty-grass (Danthonia spp.)> and the more 
vigorous grasses such as orchardgrass, smooth bromegrass, timothy 
(Phleum pratense L .), and the above-mentioned quackgrass. The climate 
of the Northeast favors growth of the cool season perennial grasses 
over that of alfalfa, and most of the ground cover in a runout alfalfa 
stand consists of these perennial grasses. If a grass was originally 
sown in a mixture with the alfalfa, that grass will probably be a major 
component of the runout sward. Quackgrass is both a vigorous weed and 
a major component of forages in the Northeast, and will also be a likely 
component of most runout alfalfa stands (Raleigh et al., 1962).
Elliot (1960) proposed the existence of three phases in the action 
of a herbicide on a mixed sward: (1), there is a period of direct action
by the herbicide on susceptible species; (2), a time when the herbicide 
exists as a toxic residue in the soil, and only resistant species can 
grow into the space created by the first phase kill; and (3), a phase 
leading to equilibrium in which previously weakened plants succumb to 
competition from growing survivors and invaders. Triplett et al. (1977) 
discussed the use of herbicides to alter the botanical composition of 
forage swards. Herbicides which weakened or killed grasses increased 
component yields of alfalfa and other broadleaf plants. They also 
found that the increase in alfalfa yield did not entirely compensate 
for the reduction in grass yield after killing the grass if there were 
too few remaining alfalfa plants. Fewer than ten alfalfa plants per m^ 
were not capable of adequately utilizing the space made available by 
grass kill, whereas more than twenty plants per m^ gave an alfalfa 
yield nearly equal to the forage yield of the untreated sward. Fawcett 
et al. (1978) also found that increased growth from dense stands of
alfalfa (40 to 50 plants/m ) could completely compensate for loss of 
quackgrass killed by pronamide (3,5-dichloro(N-i,l - dimethyl-2-propynyl) 
benzamide), whereas the herbage yield in sparser stands (10 to 20 plants/m ) 
was slightly reduced by pronamide kill of the grass.
In preparing for a new seeding, one consideration is whether the 
herbicide should eliminate, weaken, or not affect existing alfalfa 
(Mueller-Warrant and Koch, 1980a). If allowed to remain, existing 
alfalfa plants could contribute to the yield potential of the renovated 
stand. However, their vigorous growth during the spring might seriously 
interfere with seedling establishment. Under suitable conditions, either 
pronamide or glyphosate could achieve selective kill of grasses in 
alfalfa stands, leaving space for establishment of new alfalfa seedlings.
Pronamide causes mitotic poisoning in a manner to which grasses are 
more susceptible than broadleaf species. According to Carlson et al.
(1975) and Smith et al. (1971), pronamide is absorbed entirely through 
the root system and is subject to chemical degradation in the soil at 
temperatures above 10° C. Therefore it is most effective if applied in 
the fall and moved into the soil by rainfall before the ground freezes.
Viste and Sanborn (1970) reported on the use of pronamide to control 
quackgrass in alfalfa stands. Yield of all forage at the first harvest 
was lowered by pronamide application the previous fall, but yields in­
creased with subsequent harvests. While nearly half the seasonal yield 
in the untreated plots was quackgrass (65 percent of the first harvest 
yield), plots treated with 3.4 kg/ha of pronamide were 95 percent 
alfalfa for the season, with only a 5 percent overall reduction in 
yield. The major reason for desiring weed-free alfalfa is the improved
8quality of forages with the elimination of mature grass, such as quack­
grass (Viste and Sanborn, 1970; Fawcett et al., 1978) from the first 
harvest, and annual weeds from all harvests (Temme et al., 1979).
Glyphosate is registered for use in controlling vegetation prior to 
either conventional or no-till seedings of alfalfa. It is sold as the 
isopropylamine salt of N-phosphonomethyl glycine (Roundup®-), and is 
capable of nearly complete destruction of quackgrass shoots and rhizomes, 
as well as of many other perennial species, when applied during periods 
of active growth at rates of 1.1 to 3.4 kg/ha (Baird et al., 1971). To 
effectively kill rhizomes of quackgrass, glyphosate must be absorbed by 
the foliage and translocated into rhizomes and adjacent shoots. For a 
rhizome node to be susceptible to glyphosate kill, it must be meta- 
bolically active when the herbicide is moving past it in the trans­
location stream (Rioux et al., 1974; Sprankle et al., 1975). Fall or 
early spring applications of glyphosate would coincide with the occur­
rence of maximum bud activity as defined by Johnson and Buchholtz (1962). 
The earliest successful treatment of quackgrass in the spring is limited 
by translocation patterns between shoots and rhizomes. Shoots in the 
one- to two-leaf stage are net carbohydrate importers from their mother 
rhizomes, and if treated at this stage do not transport enough glyphosate 
into the rhizomes to insure kill of all the nodes. By the three- to 
four-leaf stage (15 cm), a quackgrass shoot is a net carbohydrate ex­
porter into the rhizomes and applied glyphosate will destroy the regenera­
tive potential of rhizome nodes (Rioux et al., 1974). Rioux and Bandeen
(1977) achieved best control when quackgrass formed 80 percent or more 
ground cover and/or was at least 15 cm high at time of treatment. There 
was no advantage to using more than 1.68 kg/ha of glyphosate.
Some selectivity in vegetation control with glyphosate may be 
achieved by choice of rates and/or dates of application. Davis et al.
(1978) showed there was an increase in susceptibility of quackgrass 
to glyphosate immediately following the first fall frost. They also 
noted poor control of quackgrass with treatment prior to October 15 
during a dry fall when quackgrass growth was suppressed. Response of 
alfalfa to glyphosate in the fall would be influenced by the degree 
of dormancy, as metabolic activity and translocation from the leaves 
to the roots is necessary for kill of a perennial plant. Species dif­
ferences in susceptibility to glyphosate with spring application may 
also exist, due to differences in translocation patterns and tolerance 
to the herbicide. Segura et al; (1978) found that red clover (Trifolium 
pratense L.) was relatively more tolerant of foliar applied glyphosate 
than was Italian ryegrass (Lolium multiflorum Lam.) at equal rates, but 
both were killed by 0.4 kg/ha or more of glyphosate. Control of species 
is dependent on stage of development and herbicide rate, and best con­
trol of perennials occurs when they are treated at or beyond the bud 
stage (Roundup technical bulletin, anon., 1978b). Differences in con­
trol might be greatest at an early date of treatment when some species 
have developed to a treatable size, yet others are not fully susceptible 
to kill of underground plant parts.
Recovery of grasses following herbicides treatment will vary with 
competition from the alfalfa component of the sward. In alfalfa seeded 
conventionally following spring treatment with glyphosate, Fay et al. 
(1974) found that control of quackgrass in all harvests of the post 
establishment year remained nearly total. Mueller-Warrant and Koch
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(1980b) noted that there was increasing dominance of alfalfa with time 
in an alfalfa-quackgrass mixture through both the establishment and the 
following year. Moline and Robison: (1971) reported that herbicide 
effects with conventional establishment did not last into the second 
year, due to the competition offered to other species by the vigorous 
growth of alfalfa.
Broadleaf control can be achieved by glyphosate or phenoxy herbicides 
such as 2,4-D ((2,4-dichlorophenoxy) acetic acid) or dicamba (3,6-dichloro- 
o-anisic acid). Residual toxicity to legume seedlings limits use of 
2,4-D to at least two weeks and dicamba to at least one month before 
seeding (Mullison et al., 1979). Other herbicides registered for weed 
control in established alfalfa include trifluralin (a,a,a-trifluoro-2,6- 
dinitro-N,N-dipropyl-£-toluidine), metribuzin (4-amino-6-tert-butyl-3- 
(methylthio)-as-triazin-5(4H)-one), diuron (3-(3,4-dichlorophenyl)-l,l- 
dimethylurea), simazine (2-chloro-4,6-bis(ethylamino)-s-triazine), 
pronamide, paraquat, terbacil (3-tert-5-chloro-6-methyluracil), and 
benefin (N-butyl-N-ethyl-a,a,a-trifluoro-2,6-dinitro-^-toluidine) for 
control of some grasses and broadleaf weeds (Mullison et al., 1979).
Only glyphosate and paraquat are currently registered for use with no­
tillage seedings of alfalfa. Both EPTC and profluralin (N-(cyclopropyl- 
methyl)-a,a,a-trifluoro-2,6-dinitro-N-propyl-£-toluidine) are labelled 
for use on conventional seedings, but must be incorporated in the soil, 
apparently ruling out their use in no-till weed control. Several ex­
perimental herbicides have been used for post-emergent control of grasses, 
while meeting safety requirements for use with alfalfa seedings. Peters 
(1980) reported excellent crabgrass kill with BAS 9052 OH (2-(N-ethoxy- 
butyrdmidoyl)-5-(2-ethylthiopropyl)-3-hydroxy. -2-cyclohexen-l-one)
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applied to weedy seedings. Peters (1979) also showed excellent crab- 
grass control and alfalfa seedling safety with pre-emergent applications 
of HOE 29152 (methyl 2-(4-(trichloromethylphenoxy) phenoxy)propanoate).
A related herbicide, Hoelon, formerly HOE 23408 (methyl-2-(4-(2,4- 
dichlorophenoxy);phenoxy)propanoate), has shown excellent postemergence 
control of annual grasses and corn in experimental-use-permit tests in 
soybeans, with complete crop safety (Anon., 1978a), and might be useful 
in no-till forage seedings.
Paraquat at 0.3 to 0.6 kg/ha has been widely used as a contact 
desiccant to non-selectively destroy emerged foliage prior to no-till 
seedings of many crops (Triplett et al., 1975). Since healthy peren­
nials will initiate new growth within several weeks after treatment 
(Warboys, 1967), use of paraquat is best limited to swards dominated 
by the less vigorous species, to follow up treatment of plants re­
covering from a previous herbicide treatment, or to plants one may wish 
to temporarily suppress, but not sacrifice, such as existing alfalfa.
Timing of Herbicide Treatment and Seeding
A variety of constraints limit the choices of dates for herbicide 
treatment and no-till seeding of alfalfa. Spring seedings in the North­
east generally encounter favorable moisture and temperature conditions 
until the onset of hot, dry summer weather. Thus, good germination and 
early seedling growth can be expected, but establishment is dependent 
upon whether the surface soil moisture remains adequate until the root 
systems of the developing seedlings reach the deeper, more reliably moist 
regions of the soil. Establishment is often hindered by the very
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vigorous growth of weeds or companion small grains during the late 
spring and early summer, especially if moisture is limiting (Peters,
1961 and 1964). Until the development of herbicides such as EPTC and 
benefin for use with clear seedings of alfalfa (Peters, 1967) the 
problems of weed control and summer drought led many to feel that late 
summer was the best time for sowing forage legumes. Although weeds and 
insects are generally much less serious problems with late summer 
seedings, the weather remains a major obstacle. The soil is often 
dried out by the tillage operations needed to prepare a conventional 
seedbed and kill perennial weeds such as quackgrass. Germination of 
an August seeding generally requires a fairly large rainfall, and may 
not occur for many days or even weeks after the date of seeding. At 
Durham, New Hampshire, according to Byers and Goodrich (1977), August 
has the lowest 45-year average monthly rainfall, only 7.6 cm, but is 
second only to the month of July in having the highest average maximum 
temperature, 27.5° C. Those seedlings which do not germinate until long 
after seeding may not be sufficiently developed by the time of the killing 
frost to survive the winter, and on average, ten days in October at Durham 
have temperatures below freezing. Taylor et al. (1969) found that 
minimum-tillage seedings in the spring were more often successful than 
late-summer seedings, which were superior to mid-summer seedings.
Another factor to consider in comparing spring versus late summer 
seedings is that while an August seeding does allow one to take a spring 
harvest prior to seeding, there is seldom enough growth of the seeded 
legume to permit a fall harvest. In contrast, spring seedings involve 
sacrifice of the normal first harvest, but will generally produce two 
seeding year harvests, the second of which would likely be legume
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dominated. While the chances of success of an August seeding are largely 
weather dependent, proper management of spring seedings can do much to 
insure their success. Weed control in no-till spring seedings can 
exceed that in the best conventional seeding (Mueller-Warrant and Koch, 
1980b), and the no-till technique can help conserve the soil moisture 
lost in the Conventional tillage operations, and improve the chances of 
the seedlings establishing despite summer dry periods.
Within the limits of considering no-till spring seedings, herbicide
treatments must be chosen to provide the necessary level of vegetation
control to create a niche in the sward for the seedings. As glyphosate
applied in the spring can only kill perennials sufficiently developed to
translocate nutrients from their leaves into their underground•parts,
seeding must wait at least until early May in southern New Hampshire if
spring applied herbicides are used. Previous research has shown
(Mueller-Warrant and Koch, 1980b; Campbell, 1974; Stewart and Welty,
1980) that there is some advantage to delaying seeding for as long as
one month after glyphosate application. Delayed seeding was associated
2
with more seedings per m , a greater number of second-year plants, 
larger first harvest yield, and faster development of alfalfa.
The improvements noted as length of time between treatment date and 
seeding date increase apparently correspond to progressively more fully 
decayed vegetation at time of seeding. However, the actual mechanisms 
involved may include microbially released or produced toxins (Russell et 
al., 1975), soil temperature and moisture differences, allelopathy, 
residual herbicide toxicity (Campbell, 1974; Moshier and Penner, 1978), 
changes in insect or nematode behavior, and/or other factors. Both
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Moshler.and Penner (1978) and Campbell (1974) found negative effects on
establishment of sod-seeded alfalfa as glyphosate rate Increased beyond
2.2 kg/ha, when treatment and seeding were within a few days of each
other. They felt that the emerging alfalfa seedlings might be absorbing
some glyphosate through contact with treated litter on the soil surface.
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Once glyphosate enters the soil, however, it is rapidly absorbed by Fe 
ions through its phosphonic acid moeity, and then slowly degraded by 
soil microorganisms (Sprankle et al., 1975a and b). It has been shown 
to be completely non-toxic to plants when applied to cultivated soil at 
rates of up to 72 kg/ha (Baird et al., 1971). Russell et al. (1975) 
felt that problems associated with herbicide killed mulches were related 
to diffusable toxins produces under wet conditions, and not to herbicide 
residues. Welbank (1963) and Patrick and Koch (1958) found that in­
corporated plant material from many species would produce toxins during 
anaerobic decay. Smith and Restall (1971) and Harvey and Linscott (1978) 
found physiologically significant levels of ethylene in anaerobic but
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not in well-aerated soils. Lynch (1977) found that acetic acid was the 
major toxic product of anaerobic decomposition of wheat straw. In addi­
tion to the possibility that emerging seedlings were absorbing glyphosate 
from surface litter, Moshier and Penner (1978) also noticed further 
injury when the killed vegetation collapsed onto the seedlings.
One possibly important difference among no-till seeders currently 
available is the ability to place seed in contact with soil, but not 
killed mulch. The Zip®- and Tye® seeders place seed into relatively 
narrow slits in the sod, with some of the treated vegetation actually 
driven down into the slit. Strip tillage techniques employed by Taylor
15
et al. (1964) in the PowrtillR and Elliot and Squires (1974) provide 
litter free seedbeds 2 to 3 cm wide which may favor seedling survival. 
Squires and Elliot (1975) commented that "disturbance of mineral soil 
had less effect on establishment of sown crops than did treatment of 
plant material on soil surface." Litter left on the soil surface had 
the effects of reducing emergence, establishment, and yield per plot, 
more likely due to "physical impedance of seedlings than to herbicidal 
residues."
Cross and Robinson (1964) reported that the growth of introduced 
grasses and clover was poor and retarded until the plant material killed 
by herbicides began to decompose. They felt this was related to a slower 
rate of mineralization of soil nitrogen in untilled compared to con­
ventionally tilled soil. West et al. (1980) reported that establishment 
of legumes by strip tillage (Powrtill^) was enhanced by use of up to 
60 kg/ha of nitrogen when the grass sod was adequately suppressed.
Any advantage to delay between spring treatment and seeding must 
be weighed against the disadvantage of seeding closer to the summer dry 
periods and giving the seedlings less time to develop good root systems 
into the subsoil moisture. Due to the conservation of soil moisture, 
however, no-till seedings may be more likely to succeed in late spring 
than corresponding conventional ones. Dowling et al. (1971) comment 
that the improvement in germination and first harvest yield of surface 
sown seeds due to the use of sward-killing herbicides is more apparent 
under relatively dry conditions.
Another disadvantage to. delay between herbicide treatment and 
seeding was mentioned by Warboys (1974) when he recommended a delay
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between paraquat treatment and seeding to reduce the change of seedling 
injury from contact with paraquat which might remain in an active form 
on the trash and litter under conditions of low rainfall. He noted the 
advantage to such a delay would be offset by risk of regrowth of 
rhizomatous grasses. Additionally, germination of annual weeds, ac­
cording to Campbell (1974), began about 14- days after glyphosate treat­
ment. Mueller-Warrant and Koch (1980b) also noted some increase in 
annual broadleaf weeds with increasing time between glyphosate treat­
ment and minimum-tillage seeding, and especially with treatments giving 
fall kill (Mueller-Warrant et al., 1979).
Fall treatment ought to give the benefits of delay between treat­
ment and seeding, and further allow wider latitude in choice of spring 
seeding date. However, Squires and Elliot (1975) noted that some nega­
tive effects of plant litter on seedling growth and establishment oc­
curred even when the vegetation had been killed with dalapon (2,2- 
dichloropropionic acid) plus aminotriazole (3-amino-s-triazole) the 
preceding fall. While many grasses may be susceptible to herbicide 
treatment over an extended period in the fall, species may vary as to 
onset of dormancy, and so, more species may survice a fall herbicide 
treatment than would survive a similar treatment in the spring, when 
most species grow vigorously. An early seeding in the spring might 
allow the alfalfa seedlings to start growth before or concurrent with 
the spring growth of the surviving species. Some delay in spring growth 
of quackgrass was noted by Hodgson (1974) following fall glyphosate 
treatment. Choosing a somewhat later date for the spring seeding would 
allow the survivors of a fall treatment to begin their spring regrowth
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by the time of seeding. Paraquat or low rates of glyphosate could then 
be used at seeding to kill or further weaken these surviving species 
(Mueller-Warrant et al., 1979). Baird et al. (1971) reported superior 
control of quackgrass treated in the fall and/or spring, in ratings made 
during the following fall, when a given amount of glyphosate was split- 
applied between the fall and spring rather than being applied all at one 
time. Selective graminicides such as Hoelon and BAS-9052 might be 
applied after emergence of alfalfa seedlings to control grasses which had 
survived fall herbicide treatment, but are not yet labelled for such use.
MATERIALS AND METHODS 
Selection and Characterization of Field Sites
Selection Process
Sites were chosen in 1978 for no-till alfalfa renovation experiments 
on the basis of several criteria. First, the field had to be currently 
under haycrop management, alfalfa had to be the most recently sown crop, 
and the stand of alfalfa must have declined to a condition warranting 
renovation. Second, the soil-fertility needed to be moderate to high, 
so that inadequate soil fertility would not be the major factor limiting 
success in no-till renovation. Also, the farmers currently harvesting 
these fields had to be willing to cooperate with the project, and the 
fields had to be reasonably accessible from the University (within one- 
hour travel time).
Seven farmers with runout alfalfa fields indicated interest in co­
operating. Two of these fields, located on the Stiles' and Huckins' 
farms, were rejected for use, mainly because they were borderline in 
fertility, both having a pH of 5.7 in the top 10 cm and medium levels 
of Ca (830 and 820 ppm). One had a moderate and the other a high level 
of phosphorus (7 and 9 ppm P by modified Morgans soil test). Also, the 
rejected site with the higher level of phosphorus had not been grazed 
or mechanically harvested during 1978, and excessive amounts of trash 
had accumulated. The sites renovated in 1978-1979 were: (1) Richard
Bros, farm in Pembroke; (2) Bradford farm in Lee; (3) Yeaton farm in 
Epsom; (4) landed rented by Dave Osborn in Pittsfield; and (5) the Sam
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Johnson farm in Northwood. Initial vegetation dominating the sites 
varied considerably, partially due to differences in lengths of time 
since the last reseeding.
Pembroke
Since the soil at the Pembroke site was a Merrlmac sandy loam 
(sandy, mixed, mesic Typic Dystrochrept), an early spring seeding date 
was chosen for this site in an attempt to establish seedlings before the 
soil dried out. The Pembroke site was in its fifth year, and consisted 
of 60 to 70 percent alfalfa, 15 to 20 percent dandelions and shepherds- 
purse (Capsella bursa-pastoris (L.) Medic.), and 15 to 20 percent quack- 
grass and bluegrass.
Lee
The Lee site was on a Hollis-Charlton fine sandy loam (coarse-loamy, 
mixed, mesic Entic Haplorthod). The Lee site had about 50 percent al­
falfa by yield, but only some 30 to 40 percent ground cover of alfalfa, 
and the remaining vegetation consisted, in order of abundance, of quack- 
grass, bromegrass, bluegrass, and dandelions. The age of this stand 
was not determined, but it was at least five to six years.
Epsom
Since the soil at the Epsom site was a Hinckley loamy sand (sandy- 
skeletal, mixed, mesic Entic Haplorthod), an early spring seeding date 
was chosen for this site in an attempt to establish seedlings before 
the soil dried out. The Epsom site averaged about 15 to 20 percent al­
falfa, but some individual plots had no alfalfa. The dominating species 
at this site was bromegrass, and there was also a substantial amount of
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quackgrass. This field had most recently been seeded to "Narragansett" 
alfalfa about twelve years earlier, and had not been seeded since because 
it was both extremely drought prone and excessively rocky.
Pittsfield
The Pittsfield site was on a Paxton fine sandy loam (coarse-loamy, 
mixed, mesic Entic Fragiorthod) with 15 to 25 percent slope. This soil 
was not as drought prone, and so early seeding was not as important as 
at Epsom and Pembroke. The stand at this site was about 15 to 20 years 
old, with very little remaining alfalfa. The primary reason for failure 
to renovate this field in a timely manner was the severe danger of 
erosion. The Pittsfield site had a variety of grasses present, in order 
of abundance bluegrass, timothy, orchardgrass, quackgrass, and fescue, 
and some broadleaf weeds, mainly bedstraw (Gallium asprellum Michx.) and 
grass-leaved stitchwort (Stellaria graminea L.).
Northwood
The Northwood site was also on a Paxton fine sandy loam (coarse- 
loamy, mixed, mesic Entic Fragiorthod) with 15 to 25 percent slope. The 
stand on this site was approximately 15 to 20 years old, and very little 
alfalfa remained. The main reason for failure to renovate this field 
earlier was also the extreme slope. The vegetation on the site in North­
wood was mainly timothy, quackgrass, bluegrass, brome, reed canary 




One additional seeding was performed in May 1980 at the Woodward 
farm in Durham on a Paxton fine sandy loam (coarse-loamy, mixed, mesic 
Entic Fragiorthod) with 8 to 15 percent slope. The initial vegetation 
included quackgrass, orchardgrass, bluegrass, golden rod (Solidago spp.), 
curly dock, and many other species, including a very small amount of 
alfalfa.
Soil Analysis and Fertility Adjustment
Cations (Ca, Mg, K) were determined by atomic absorption/flame 
emission spectrophotometry of samples extracted with 1.0 N, pH 7.0 
ammonium acetate. Phosphorus was measured by the Bray #1 technique 
(Bray and Kurtz, 1945) and interpreted by the scale of Baker and Hall 
(1967), or was measured by modified Morgan method. Organic matter was 
measured as loss of dry matter after ashing soil for seven hours at 
400° C, minus the loss of dry matter upon ashing subsoil from each 
site. This should at least compensate for possible volatilization of 
some minerals from the soil, assuming the surface and subsoils had 
similar mineralogical properties.
The methods of Blake (1965) were used to determine bulk density 
(D^) and particle density (Pp) of the surface 5 cm, and the porosity 
was then calculated by the equation porosity (S) = 100 percent x 
(1 - D^/Pp). Field capacity was estimated as 1.7 x percent organic 
matter + 0.2 x percent mineral matter in the soil (Berger, 1965). Soil 
drainage in August 1980 was characterized by a process beginning with 
measuring soil moisture of the surface 5 cm prior to the addition of
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water. Water in an amount of 7.6 liters was then added to the soil 
through a 15 cm diameter, upright metal cylinder set 3 cm into the soil, 
and allowed to drain into the soil until fully absorbed. At that time 
a soil sample was taken to measure the saturation soil moisture. Addi­
tional samples in the flooded areas were taken at 20, 40, and 60 minutes 
after this, and used in linear regression analysis of rate of loss of 
soil moisture against time.
Soil atmosphere in each plot was sampled for ethylene content at 
Durham on 4, 10, and 21 June 1980 by placing small, inverted glass 
flasks into holes in the soil 3 cm in diameter by 4 cm deep, allowing 
them to equilibrate with the soil atmosphere for 15 minutes, pulling 
them up to just above the soil surface, and then rapidly sealing them 
with rubber stoppers. Several 1 ml gas samples were then drawn from 
the flasks and analyzed for ethylene. The analyses were performed with
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a Perkin-Elmer model 990 gas chromatograph (GLC) equipped with 1.22 m 
x 3.2 mm stainless steel columns of 80.100 mesh Poropak N (SupelcoR , 
Inc.) and flame ionization detectors. The carrier was prepurified 
nitrogen at a flow rate of 40 ml/min. The flame was a hydrogen/air 
flame provided by breathing air and ultra-high purity hydrogen (Airco , 
Inc.). Operating temperatures for the injection block, column oven 
and manifold were 105°, 80°, and 110° C respectively. Retention time 
for ethylene was one minute, and concentration was determined by com­
parison of sample peak height with that of a known concentration of 
etyhlene.
Dolomitic limestone was broadest in October 1978 at 2.2 metric 
tons/ha at the sites in Northwood and Epsom. Fertilizer was applied in
23
April or May 1979 to raise levels of phosphorus to very high levels 
(about 20 ppm F total from soil and fertilizer), and potassium to supply 
crop needs for one year. The specific amounts (kg/ha of N, ^2^5* an<*
^ 0 )  of fertilizer applied were as follows: 0-144-0 on 24 April in
Pembroke, 0-252-168 on 20 April + 0-28-112 on 30 October in Lee, 0-168-168 
on 24 April in Epsom and on 4 May in Pittsfield, and 0-95-95 on 28 May 
plus 0-119-0 on 3 July in Northwood. Shortly before or after seeding, 
boron was applied at 2.2 kg/ha to all sites except Pembroke, where past 
fertilization indicated that sufficient amounts of boron ought to still 
be present. The pH at Durham was 5.8 to 6.3, and phosphorus was very 
low, only 2 ppm P by modified Morgans soil test. Fertilizer was broad­
cast at a rate of 56-224-224 kg/ha on 27 May, and ammonium polyphosphate 
was banded in the row at seeding on 28 May, being sprayed between the 
double disk openers in the vicinity of the seed. Rate per acre of this 
banded fertilizer was 8-28-0, and rate in the bands was calculated to 
be 165-560-0, assuming the band width to be l/20th of the row spacing 
of 25 cm.
Herbicide and Other Treatments
General Methods
All herbicides were applied with a backpack sprayer with a 1.83 m 
wide hand-held boom supplying 226 liters/ha at 2.1 kg/cm^ pressure from 
CO2. All individual plots seeded in 1979 were 3.66 by 4.57 m in size.
All herbicide treatments were arranged in a randomized complete block 
design within a seeding date/location. At Lee, Pittsfield, and Epsom, 
two dates of seeding were the mainplot factor, with the common herbicide
\.
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treatments being the subplot factor. At Pembroke, the mainplot factor 
was whether the block was no-till seeded, or just treated with herbicides 
without seeding. Three replications were employed at Lee and Pembroke, 
four at Northwood and Pittsfield, and five at Epsom. Plots seeded in 
1980 at Durham were 1.83 by 4.57 m in size, and most of the herbicide 
treatments were replicated twice in a completely randomized design.
Both rainfall and temperature in the fall of 1978 were below 
normal, which to some extent restricted the fall growth of grasses at 
all the sites, and may have influenced the efficacy of fall-applied 
glyphosate. The spring weather was relatively normal, and there was 
sufficient growth of grasses for effective glyphosate treatment (10 to 
15 cm minimum growth) by the beginning of May at all the sites.
Pembroke
The treatments listed in Table 1 were applied in the fall of 1978 
in preparation for an early spring seeding. The mainplot treatments of 
seeding or not seeding were used at this site because the existing 
alfalfa stand was reasonably heavy, and it was possible that those 
treatments which merely suppressed the old alfalfa might not allow many 
new alfalfa seedlings to establish. Thus a direct comparison between 
performance of reseeded versus merely herbicide treated plots was 
desirable. The aim of glyphosate and 2,4-D treatments was to injure 
the dandelions, and suppress but not necessarily kill the existing 
alfalfa plants. Alfalfa at this site was still green and growing 
actively through October, and the 1 November date of application coin­
cided with the first signs of the onset of dormancy, the discoloring 
and droopings of leaves. By 16 November, the alfalfa was much more
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Table 1. Herbicide and seeding treatments applied at Pembroke and 
orthogonal contrast coefficients.
Mainplot treatments
A. Seeded on 25 April 1979
B. Unseeded
Subplot treatments. Rates in kg/ha, all dates In 1978.
1. Glyphosate at 2.24 on 1 Nov.
2. 2,4-D at 1.38 on 1 Nov.
3. 2,4-D at 1.38 on 1 Nov. + glyphosate at 2.24 on 16 Nov.
4. Glyphosate at 2.24 on 16 Nov.
5. 2,4-D at 1.38 on 1 Nov. + pronamide at 2.24 on 16 Nov.
6. 2,4-D at 1.38 on 1 Nov. + pronamide at 3.36 on 16 Nov.
7. Pronamide at 2.24 on 16 Nov.
8. Pronamide at 3.36 on 16 Nov.
Coefficients of orthogonal contrasts between herbicide treatments
Treatment number
Number Description of contrast 1_ 2 __3_ =L. J L - L -  - 7_ JL
1 glyphosate 1 Nov. vs 
all other treatments
-7 1 1 1 1 1 1 1
2 2,4-D alone vs 
remaining treatments
0 -6 1 1 1 1 1 1
3
2,4-D + other herbicides 
vs other herbicides alone
0 0 1 -l l 1 - 1  -l
4 glyphosate 16 Nov. vs 
pronamide treatments
0 0 -2 - 2 1 1 1 1
5=
3X4
interaction ± 2,4-D use 
X glyphosate 16 Nov. vs 
pronamide
0 0 -2 2 1 1 - 1 - 1
6 pronamide at 2.24 vs 
3.36 0 0 0 0 - 1  1 - 1  1
7=
3X6
interaction + 2,4-D use 
by pronamide rate 0 0 0 0 - 1  1 1 - 1
Mainplot contrast: Seeded 25 April (+1) vs unseeded (-1)
Mainplot X subplot interaction: product of mainplot coefficient (+1,-1) 
times the herbicide contrast coefficients of contrasts #1-7.
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dormant, but still not totally so. However, the leaves on the grasses 
were beginning to yellow, and so glyphosate was applied then while the 
grasses were still partially susceptible.
Lee
This location had substantial amounts of old alfalfa, but not 
generally enough for highest yields of alfalfa. The existing alfalfa 
was quite dormant by mid-October, having no green leaves and drooping, 
yellow stems, while the grasses were still very green and active at the 
time of 28 October treatment with glyphosate. Fewer unseeded check 
treatments were employed here, compared to Pembroke, because the amount 
of existing alfalfa was insufficient to provide maximum yields. The 
large number of spring treatments (Table 2) were designed to find the 
best combination of treatment and seeding dates.
Epsom
Fall growth of forage at this location was grazed for about two 
weeks beginning in mid-September. The subsequent regrowth of both 
grasses and existing alfalfa was very limited. The grass height was 
6 to 8 cm at the first fall treatment with glyphosate, 28 October. 
Alfalfa plants remained quite short, but the leaves present were green 
and healthy in appearance through November. By the second date of 
glyphosate treatment, 13 November, grass growth had reached a height of 
10 to 12 cm, but was showing some signs of dormancy resulting from cold 
weather. Snow fell within eight days after this treatment. Grass 
injury from glyphosate was evident in early spring after the snow had 
melted, and it was decided to make spring seedings without applying ad­
ditional herbicide to fall treated plots, despite the possibility
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Table 2. Treatments applied at Lee in 1978-1979.
Mainplot treatments
A. Seeded 4 May 1979
B. Seeded 21 May 1979
Subplot treatments applied in Oct. and Nov. 1978 and April, May, and 
June 1979, with all rates expressed as kg a.i./ha._______________ .
1. Glyphosate at 0.75 on 28 Oct.
2. Glyphosate at 1.49 on 28 Oct.
3. Glyphosate at 2.24 on 28 Oct.
4. Glyphosate at 2.99 on 28 Oct.
5. Glyphosate at 0.75 on 2 May
6. Glyphosate at 1.49 on 2 May
7. Glyphosate at 2.24 on 2 May
8. Glyphosate at 2.99 on 2 May
9. Split glyphosate at 1.49 on 28 Oct. + 0.75 on 2 May or 16 May
10. Spring single/split paraquat at 0.56 on 7 May or 0.28 on 7 May +
0.28 on 23 May
11. Fall-spring split paraquat at 0.28 on 17 Nov. + 0.28 on 7 May or
23 May
12. Pronamide at 2.24 on 17 Nov.
13. Pronamide at 3.36 on 17 Nov.
Additional treatments only with 21 May seeding.
14. Pronamide at 2.24 on 17 Nov. + paraquat at 0.28 on 23 May
15. Pronamide at 3.36 on 17 Nov. + paraquat at 0.28 on 23 May
16. Unseeded, pronamide at 2.24 on 17 Nov.
17. Unseeded, pronamide at 3.36 on 17 Nov.
18. Glyphosate at 0.75 on 16 May
19. Glyphosate at 1.49 on 16 May
20. Glyphosate at 2.24 on 16 May
21. Glyphosate at 2.99 on 16 May
Additional unseeded treatments.
22. Fertilized with nitrogen at 112 on 30 April, at 56 on 25 June, and 
at 112 on 13 May 1980.
23. Untreated check.
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of Inadequate grass control. A summary of treatments at this site Is 
shown In Table 3.
Pittsfield
The site in Pittsfield was a relatively fertile, deep soil, and had 
last been harvested in early September 1978. Grass growth at the time 
of glyphosate treatment on 20 October was at least 30 cm, and was mostly 
green. The grass growth covered some low growing perennial broadleaf 
weeds, and leaves that fell from trees surrounding the field covered a 
considerable fraction of the leaf area of the grasses, probably reducing 
herbicide uptake by both grasses and forbs to some extent. No phenoxy 
(broadleaf-killing) herbicides were used here because there was very 
little growth of any broadleaf weeds visible through the grass canopy.
A summary of treatments employed here is given in Table 4.
Northwood
Fertility at this site was the lowest of all the sites used in the 
study. Additionally, the 20 percent slope faced northward. The area 
had not been fertilized in 1978, and the only harvest taken that year 
was made in mid-summer. The regrowth of grasses and broadleaf weeds had 
reached a height of 15 to 45 cm, but appeared mainly yellow and brown in 
September. A mixture of 1.12 kg/ha of 2,4-D and 0.33 kg/ha of dicamba 
was applied on 19 October to suppress the numerous broadleaf weeds 
present. Glyphosate treatment in the fall was delayed from the first 
possible date in mid-September until 23 October in hope that some rain­
fall might occur to encourage fall growth of the grasses and Increase 
their susceptibility to glyphosate. Very little rain fell; almost no
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Table 3. Treatments applied at Epsom In 1978-1979.
Mainplot treatments
A. Seeded 25 April 1979
B. Seeded 3 May 1979
Subplot.treatments applied in Oct. and Nov. 1978 and April, May and June 
1979, with all rates expressed as kg a.i./ha.____________________________
1. Glyphosate at 0.65 on 23 Oct.
2. Glyphosate at 1.42 on 23 Oct.
3. Glyphosate at 2.13 on 23 Oct.
4. Glyphosate at 2.99 on 23 Oct.
5. Fall-spring split paraquat at 0.31 on 13 Nov. + 0.28 on 28 April or 
7 May
6. Pronamide at 2.46 on 13 Nov.
7. Pronamide at 3.70 on 13 Nov.
Additional treatments only with 25 April seeding.
8. Glyphosate at 0.87 on 13 Nov.
9. Glyphosate at 1.76 on 13 Nov.
10. Glyphosate at 2.63 on 13 Nov.
11. Glyphosate at 3.52 on 13 Nov.
12. Unseeded, pronamide at 2.46 on 13 Nov.
13. Unseeded, pronamide at 3.70 on 13 Nov.
14. Unseeded, untreated check
Additional treatments only with 3 May seeding.
15. Glyphosate at 0.75 on 1 May
16. Glyphosate at 1.49 on 1 May
17. Glyphosate at 2.24 on 1 May
18. Glyphosate at 2.99 on 1 May
19. Split glyphosate at 1.42 on 23 Oct. + 0.75 on 1 May
20. Paraquat at 0.56 on 7 May
21. Unseeded, fertilized with nitrogen at 112 on 25 April, at 56 on 
22 June, and at 112 on 14 May 1980.
Modifications of generalized orthogonal contrasts
Within 25 April seeding, comparison of mean response to 23 Oct. glyphosate 
with mean response to 13 Nov. glyphosate.
For all contrasts involving rate effects of 23 Oct. glyphosate:
Linear effect coefficients are -.6634,-.2182,.1922, and .6894 
Quadratic effect coefficients are .50997,-.47062,-.52843, and .78908 
Cubic effect sums of squares calculated by subtracting linear and 
quadratic sums of squares from total 23 Oct. glyphosate treatment sums 
of squares.
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Table 4. Treatments applied at Pittsfield in 1978-1979.
Mainplot treatments
A. Seeded 4 May 1979
B. Seeded 22 May 1979
Subplot treatments applied in Oct. and Nov. 1978 and April, May and June 
1979, with all rates expressed as kg a.i./ha.____________________________
1. Glyphosate at 0.67 on 20 Oct.
2. Glyphosate at 1.42 on 20 Oct.
3. Glyphosate at 2.13 on 20 Oct.
4. Glyphosate at 2.83 on 20 Oct.
5. Glyphosate at 0.75 on 1 May
6. Glyphosate at 1.49 on 1 May
7. Glyphosate at 2.24 on 1 May
8. Glyphosate at 2.99 on 1 May
9. Split glyphosate at 1.42 on 20 Oct. + 0.75 on 1 May or 18 May
10. Paraquat at 0.56 on 7 May or 23 May
11. Fall-spring split paraquat at 0.28 on 16 Nov. + 0.28 on 7 May or
23 May
12. Pronamide at 2.46 on 16 Nov.
13. Pronamide at 3.70 on 16 Nov.
Additional treatments only with 22 May seeding.
14. Glyphosate at 0.75 on 18 May
15. Glyphosate at 1.49 on 18 May
16. Glyphosate at 2.24 on 18 May
17. Glyphosate at 2.99 on 18 May
18. Pronamide at 2.46 on 16 Nov. + paraquat at 0.28 on 23 May
19. Pronamide at 3.70 on 16 Nov. + paraquat at 0.28 on 23 May
20. Spring split paraquat at 0.28 on 28 April + 0.28 on 23 May
21. Seeded without herbicide, clipped on 22 May and 11 June
Additional unseeded treatment located in 4 May seeding area.
22. Fertilized with nitrogen at 112 on 28 April, at 56 on 22 June, and 
at 112 on 14 May 1980.
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green foliage was present when glyphosate was applied on 23 October.
The first spring treatment with glyphosate was on 7 May, a little later 
than at the other sites because of somewhat slower spring grass growth. 
The 23 May treatment was followed by heavy rainfall beginning within two 
hours, so it was decided to re-apply glyphosate on 29 May at a rate of 
50 percent of that used on 23 May, assuming partial, but incomplete 
absorption of glyphosate would have occurred before the rain. A summary 
of treatments used at this site is given in Table 5.
Durham 1980 Seeding
The objective of the experiment at Durham was to study the influence 
of date on vegetation kill on success of alfalfa establishment under more 
adverse conditions of low fertility and poor drainage. Ten dates of 
application of 2.24 kg/ha glyphosate from 9 May until 31 May (Table 6) 
were used to give a more exact response curve than obtainable from the 
spacings of two to three weeks in the other experiments. Grass height 
was about 28 cm on 9 May and reached 40 to 50 cm by 31 May, varying 
with species.
Seeding Technique and Post Emergence Treatments
A Tye Pasture Pleasure no-till seeder, with fluted coulters fol­
lowed by double disk openers, was used to seed all plots in both 1979 
and 1980. In all cases, the herbicide treated vegetation was allowed 
to die down in situ, and no attempt was made to mow or rake off the 
trash and litter present. While the establishment of alfalfa might 
have been improved by mechanically disturbing or removing the litter,
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Table 5. Treatments applied at Northwood in 1978-1979.
Treatments for 28 May 1979 seeding applied in Oct. and Nov. 1978 and 
April, May, and June 1979. with all rates expressed as kg a.i./ha.
Glyphosate at 0.75 on 23 Oct.
Glyphosate at 1.49 on 23 Oct.
Glyphosate at 2.24 on 23 Oct.
Glyphosate at 2.99 on 23 Oct.
Glyphosate at 0.75 on 7 May
Glyphosate at 1.49 on 7 May
Glyphosate at 2.24 on 7 May
Glyphosate at 2.99 on 7 May
Glyphosate at 0.75 on 23 May + 0.37 on 29 May
Glyphosate at 1.49 on 23 May + 0.75 on 29 May
Glyphosate at 2.24 on 23 May + 1.12 on 29 May
Glyphosate at 2.99 on 23.May + 1.49 on 29 May
Glyphosate at 1.49 on 29 May
Spring split paraquat at 0.28 on 7 May + 13.28
10.
14.
15. Fall-spring split paraquat at 0.35 on 13 Nov. + 0.28 on 29 May
16. Pronamide at 3.09 on 13 Nov. + paraquat at 0.28 on 29 May
17. Pronamide at 4.20 on 13 Nov. + paraquat at 0.28 on 29 May
18. Pronamide at 3.36 on 13 Nov. + 2,4-D at 0.56 on 29 May
19. Pronamide at 3.92 on 13 Nov. + 2,4-D at 1.12 on 29 May
20. Seeded without herbicide, clipped on 11 June
21. Unseeded, fertilized with nitrogen at 112 on 28 April, at 42 on 
22 June and at 112 on 14 May 1980.
Modifications of generalized orthogonal contrasts.
Mean response from 23 Oct. applied glyphosate (-9) was compared with the 
mean response from all nine May applied glyphosate treatments (4).
Mean response from 7 May applied glyphosate (-5) was compared with that 
from all five 23 May + 29 May or 29 May applied glyphosate treatments (4). 
Mean response from 23 May + 29 May applied glyphosate (-1) was compared 
with glyphosate applied on 29 May at 1.49 alone (4).
Pronamide + paraquat compared with pronamide + 2,4-D.
Pronamide + 2,4-D at 0.56 compared with pronamide + 2,4-D at 1.12 kg/ha. 
Pronamide at 3.09 + paraquat compared with pronamide at 4.20 + paraquat.
Table 6. Glyphosate treatment dates for 28 May 1980 seeding at Durham.
Date of application Days from treatment to seeding (DTS)
1. 9 May 1980 19
2. 12 May 16
3. 14 May 14
4. 16 May 12
5. 19 May 9
6. 21 May 7
7. 23 May 5
8. 26 May 2
9. 28 May 0
10. 31 May -3
11. Herbicide not applied —
Orthogonal contrasts between treatments.
Date of application effects analyzed by regression on DTS, separating 
effects into linear component and lack of fit, and testing both against 
matched X error. Treatments replicated twice except 9 May application 
(four times), 12 May application (three times) and no herbicide (four 
times) .
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such operations are unrealistic on a large scale, and results obtained 
by the methods used ought to be reasonably reproducible by the farmer.
’Saranac' alfalfa was seeded at 13.4 kg/ha at all sites in 1979, except
for border alleys at Epsom which were seeded with 'Iroquois.' 'Iroquois' 
was also used on the Durham site seeded in 1980. The portion of the 
alfalfa field at Epsom not used in the experiment was plowed, disked, 
and seeded with cats and 'Iroquois' alfalfa by the farmer in mid-May 
of 1979.
Soils at Northwood in 1979 and Durham in 1980 were excessively wet
at time of seeding in late May, and the Tye^ seeder cut up to 5 cm deep
into the soils. However, these trenches opened by the coulters and 
disks did not close well under the packing wheels. Post emergence 
applications of carbofuran (2,3-dihydro-2,2'-dimethyl-7-benzofuranyl 
methyl carbamate) from granular Furadan^ at 1.1 kg a.i./ha were made 
at all locations in 1979. Carbofuran in 1979 was applied on 18 May at 
Pembroke (25 April seeding), 21 May and 31 May at Lee (4 May and 21 May 
seedings, respectively), 18 May at both seedings in Epsom (25 April and 
3 May), 18 May and 11 June at Pittsfield (4 May and 22 May seedings, 
respectively), and 11 June at Northwood (28 May seeding). In 1980, 
carbofuran was banded over the row at time of seeding at 1.1 kg a.i./ha 
broadcast basis or 5.6 kg/ha in the treated area over the row. For 
annual broadleaf suppression, 2,4-DB (dimethylamlne salt of (2,4-dichloro- 
phenoxy) butyric acid) was applied at 1.9 kg a.e./ha at Northwood on 
3 July, at 1.4 kg a.e./ha at Pittsfield on 6 July, and at 1.4 kg a.e./ha 
at Epsom on 14 June. Plots seeded without herbicide were mown on the 
dates indicated on Tables 5 and 6 at Pittsfield and Northwood to reduce
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competition of the native species with the alfalfa seedlings. Nitrogen 
was broadcast at 112 kg/ha to unseeded check plots at all locations 
except Pembroke in the spring of 1979 and at 56 kg/ha after the first 
harvest in 1979, except at Northwood where the rate of the second applica­
tion was 42 kg/ha. Nitrogen was also applied at 112 kg/ha before the 
first harvest of 1980 to all nitrogen check plots. Ammonium nitrate was 
used as the source of nitrogen in all cases except at Northwood and 
Pittsfield on 28 April 1979 and at Lee on 13 May 1980, where rain was 
Imminent and urea was used.
Seedling Counts and Stand Ratings
Alfalfa seedlings at all locations in 1979 were counted within 
three randomly chosen 36.6 by 25.4 cm rectangles in each plot, aligned 
with the rows of alfalfa. Specific dates for counting seedlings were: 
Pembroke, 21 June; Lee, 20 June; Epsom, 21 June; Pittsfield, 22 June; 
and Northwood, 3 July. At Durham in 1980, all seedlings in each row 
within the interior 1.22 by 4.57 m centers of the 1.83 by 4.57 plots 
were counted on 28 July.
Visual evaluations of stand density and uniformity were made in 
one of two manners. A rating of relative stand of alfalfa (referred to 
as visual stand rating) compared to an optimum stand of 100 percent was 
made when growth was such that a clearly defined optimum stand was 
present in some of the plots, or could be easily visualized. This 
visual stand rating was used when skips in the rows were easily seen.
The visual stand rating technique also included judgement on the ap­
parent vigor of the alfalfa, in that the optimum 100 percent stand not
36
not only lacked skips In the tows, but also had uniform plant size equal 
to the largest found in that experiment at that time. The other method 
used to visually evaluate the alfalfa was a rating of percent ground 
cover by the legume. This rating was used when time was limiting or 
under those conditions in which the differences in size of individual 
alfalfa plants were masked by generally large sizes of all the alfalfa 
plants. Visual stand ratings were made at Pittsfield on 26 July 1979, 
at Lee on 21 September 1979, at Pembroke on 22 October 1979, and at 
Durham on 8 August 1980. Ratings of percent ground cover by the legume 
were made at Lee on 23 June 1980, and at Pembroke, Epsom, Pittsfield, 
and Northwood on 7 July 1980.
Harvest Techniques, Botanical Composition, and Quality Analysis 
Except where otherwise noted, harvest technique involved use of a
I)
self-propelled flail chopper (Carter harvester) set at a 3 cm stubble 
height to harvest a 0.91 by 3.66 m sample from near the center of each 
3.66 by 4.57 m plot, oriented parallel to the direction that herbicides 
had been applied, and perpendicular to the direction of seeding. Fresh 
weight was taken on this entire sample, and a subsample was randomly 
drawn from this chopped material for moisture determination, to give an 
estimate of dry matter forage yield per plot. A summary of all harvests 
made at all locations is given in Table 7. The nitrogen fertilized 
check plots at Northwood and Pittsfield were harvested to a 3 cm stubble
T>
height with a self-propelled sickle bar mower (Jarimower ) on 22 June 
1979. At Lee and Epsom, unseeded check plots treated with nitrogen, 
pronamide, and untreated were harvested with the Carter^ harvester on
Table 7. Harvest schedule of experiments seeded at all locations in 1979 and 1980.
Seeding year harvests Post-establishment year harvests
Seeding dates Location Clean-up+ First Second First Second Third
25 April 1979 Pembroke none 12 July §3 Sept. 11 June -- --
4 May and 21 May 1979 Lee 31 May 20 July 31 Aug. 4 June 18 July 5 Sept.
25 April and 3 May 1979 Epsom 14 June 27 July 19 Oct. 12 June -- --
4 May and 22 May 1979 Pittsfield 22 June 26 July 19 Oct. 11 June -- --
28 May 1979 Northwood 22 June 7 Aug. 22 Oct. 12 June -- --
28 May 1980 Durham none 28 July -- -- -- --
+ Clean-up harvest refers to removal soon after seeding of excessive growth of old alfalfa in some treatments 
at Lee and Epsom, excessive growth of grass in some treatments at Epsom, and nitrogen fertilized and other 
unseeded treatments at Lee, Epsom, Pittsfield, and Northwood. Unseeded treatments were harvested near 
ground level, while excessive forage growth above the alfalfa seedlings was harvested at a 15 cm stubble 
height.
§ Second harvest of the seeding year at Pembroke was made by the farmer, and data not taken.
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31 May and 14 June 1979. At the same time, the seeded plots at Lee which 
had been treated with pronamide or fall applied glyphosate were cut to a
T>
15 cm stubble height with the Carter harvester to remove excessive growth 
of old alfalfa above the seedlings. At Epsom, the Jarimower was used 
to remove excess growth of both the existing alfalfa and surviving 
grasses from treatments with glyphosate applied on 23 October and at the 
lower two rates on 13 November. The 18 July 1980 harvest at Lee was 
done with the Jarimower^, as the Carter^ harvester was not available 
then. Table 8 gives dates of all harvests at all locations. The Pitts­
field plots were also harvested by the farmer on 14 July and on 28 August 
1980, and a final visual stand rating was made on 11 September 1980.
The botanical composition of all harvests at all locations was 
rated in advance of harvest by three independent observers, in terms of 
percent, by weight, of alfalfa, all grasses (including an occasional 
annual grass), and all perennial and annual broadleaf weeds. These 
values were then averaged to obtain an estimate of the composition of 
each plot. For the first harvest of the seeding year (July 1979) at 
Pembroke, Lee, and Epsom, separate values were given for the percent old 
alfalfa and the percent seedling alfalfa, with the discrimination being 
based on the differences in plant development of the two types: the
seedling alfalfa was in the bud stage and only 30 to 60 cm high, whereas 
the old alfalfa was fully flowered, had set many seed pods, and was 
generally 75 to 100 cm tall. Component yields were based on per plot 
multiplication of the average estimate of botanical composition and the 
estimated plot dry matter yield per unit area. Subsamples used for 
moisture determination were subsequently ground and analyzed for Kjeldahl 
nitrogen on an autoanalyzer.
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Analysis of Data
Analysis of variance was conducted on all measured responses, and 
planned orthogonal comparisons (Table 8) were made on glyphosate rate, 
date of application averaged over rate, and, where appropriate, date of 
seeding and its interaction with glyphosate rate and date of application. 
A contrast was also made which compared the split applied glyphosate 
treatment with all other glyphosate treatments. Orthogonal contrasts 
were also made on pronamide rate, pronamide alone compared to pronamide 
followed by paraquat at seeding, and effect of pronamide with and without 
seeding. The contrasts used for split plot analysis of herbicide treat­
ment means averaged over seeding dates and interacting with seeding dates 
were the same ones used for early May seeding date analysis at Lee and 
Pittsfield (Table 8).
For purposes of comparing individual treatments, and especially 
those not included in the above-mentioned contrasts, the least signifi­
cant difference (LSD) at the 5 percent level is also included in the 
tables. For those experiments with mainplot treatments (dates of 
seeding), data were analyzed both as two separate randomized complete 
block designs (RGB), and also as the split plot portion of the total 
treatment set. Thus, the following variances for use in orthogonal 
contrasts and calculations of LSD values were obtained: MSE (seeding
date 1), MSE (seeding date 2), mainplot MSE (Ea), and subplot MSE (E^).
In all tables, the mainplot variance is referred to MSE (seeding dates), 
and the subject (or RGB within a date of seeding analysis) variance is 
referred to as MSE (herbicides). Specifically, the RCB variance for a 
given seeding date was used in tests conducted only in that seeding date,
Table 8. Coefficients defining basic set of orthogonal contrasts applicable to experiments at Lee, Epsom, 
Pittsfield, and Northwood.
Herbicide:__________ glyphosate_________________________ pronamide_____
Contrasts for , . . , . _ _ 1 * w Oct.+ Not Seeded +_ . „ *Glyphosate applic. date: Oct. early May late May _ , , , ,
early May    *■------ 1—  May Seeded seeded paraquat
seedings and **Ranked herbicide rate:l 2 3 4  1 2 3 4  1 2 3 4  2 + 1 1 2  1 2  1 2split-plot AOV _ _ _ _  _ _ _ _  _ _ _ _  ---- _  _  _  _  _  _
split vs single application glyphosate 1 1 1 1  1 1 1 1  0 0  - -  - -
Oct. vs early May applied glyphosate -1-1 -1-1 1 1 1 1 - - - -  0 0 0  - - - -
pronamide rate 0 0 0 0  0 0 0 0  - - - - 0 -1 1 - - - -
split-plot: first seeding date vs second seeding date (SD) (-1,+1)
interaction (Int.): SD (-1,+1) X coefficients of the above three herbicide contrasts 
Late May seedings
split vs single application glyphosate 1 1 1 1 1 1 1 1 1 1 1 1 -12 0 0 0 0 0 0
Oct. vs all May applied glyphosate -2 -2 -2 -2 1 1 1 1 1 1 1 1 0 Q 0 0 0 0 0
early May vs late May applied glyphosate 0 0 0 0 -1 -1 -1 -1 1 1 1 1 0 0 0 0 0 0 0
pronamide vs pronamide + paraquat 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 -1 0 0 1 1
pronamide rate for seeded treatments 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 1 0 0 -1 1
pronamide seeded vs unseeded 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 -2 -2 1 1
Glyphosate rate effect contrasts for any application date*** 
linear (L) -3-1 1 3
quadratic (Q) -1 1 1- 1  also SD X L,Q,C for split-plot interaction test
cubic (C) 1 - 3  3 - 1
* For actual date of glyphosate application in Oct, early May and late May refer to tables of treatments.
** For specific herbicide rates at each location and application date, refer to tables of treatments.
*** In instances of unequal spacing of herbicide rate, location treatment table gives modified coefficients.
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the subplot variance for tests on data averaged over seeding dates, and
the usual combination of mainplot and subplot variance for comparisons
across seeding dates within the split-plot portion of the treatment set,
(E + (b-1) E )/rb, r = number of replications and b = number of subplot 
® b
treatments.
Trend surface analysis of alfalfa yield the last harvest of 1979 at 
Lee and Epsom was performed using the applications library programs SYMAP 
and SYMVU. Independent variables for the three-dimensional surface were 
percentage grass in the July 1979 harvest and old alfalfa yield in July 
1979 in units of 25 x metric tons/ha. A zero response region of the 
surface represents combinations of percentage grass and old alfalfa 
yield which were mutually exclusive. The degree of the surface was six, 
and there were approximately 150 degrees of freedom for error. As 
alfalfa yield differed greatly for ’favorable' combinations on one hand 
(split application of glyphosate and glyphosate applied on 2 May with 
21 May seeding) and ’unfavorable' combinations of treatment date and 
seeding on the other hand (glyphosate applied on 2 May with 4 May seeding 
and on 16 May with 21 May seeding), separate surfaces were created for 
sets of points excluding either the 'favorable' or the 'unfavorable' 
combinations. The rating of alfalfa ground cover after the first harvest 
of 1980 was similarly analyzed. The treatments at Pembroke were not 
included in the surfaces because data was not recorded in the harvest 
made in the fall of 1979, and not included for 1980 alfalfa cover ratings 
to be consistent with method used in generating the first set of surfaces.
RESULTS AND DISCUSSION
Weather and Soil Data
The weather in the fall of 1978 may have reduced the effectiveness 
of fall-applied glyphosate. In particular, rainfall during September 
1978 was only 0.7 cm at Durham, and temperatures were slightly below the 
45-year average (Table 9). These conditions may have tended to keep the 
cool season grasses in their summertime dormancy, especially considering 
that the months of June, July, and August of 1978 were all warmer than 
average, with 5.4 cm less than normal rainfall during this period.
In 1979, the year that five of the six locations were seeded, 
temperature was near normal. Rainfall was 4.5 cm higher than average 
in May, with 7.8 cm in the week ending on 28 May. Therefore, soils were 
likely wetter than normal late in May and the less well drained ones may 
have approached saturation. In contrast to May, total rainfall in June 
and July of 1979 was only 51 percent of normal. The 1979 growing season 
was probably more stressful for legume seedlings than most years in this 
area, and success of a treatment in such a year should be an indication 
that it would succeed in most years.
Soil chemical properties measured at the start of the experiment 
and one year later (Table 10) generally indicate that fertility at all 
sites was appropriate for alfalfa. Fertilizer applied at the various 
sites raised the soil test levels of potassium and phosphorus, especially 
in the surface 5 cm, and lime applied at Epsom and Northwood also raised 




Table 9. Weather data at Durham for 1978-1980 growing seasons.
________  Temperature_____ ._______________
Precipitation__________ Mean dally maximum Mean dally minimum
Month §45yr 1978 1979 1980 45^r 1978 1979 1980 TSyr 1978 1979 1980
April 95
— nun- 
69 84 134 13.8 12.6 12.6
— °C—  
14.6 0.5 -0.5 -0.2 0.7
May 85 133 130 31 20.5 21.2 20.7 20.7 5.6 3.8 7.4 4.7
June 82 85 26 76 25.6 26.2 25.4 24.4 11.0 9.5 9.4 8.8
July 84 25 59 66 28.5 29.1 29.3 29.3 13.9 11.4 14.2 13.5
August 76 78 177 104 27.5 27.7 26.0 27.2 12.8 12.7 12.2 12.5
Sept. 88 7 78 53 23.3 22.2 23.6 24.5 8.7 5.3 6.6 8.5
October 82 89 134 122 17.4 17.3 15.9 14.7 3.1 1.5 2.0 0.5
Weekly precipitation Weekly mean temperature 
Data for week ending 1978 1979 1980 1978 1979 1980
---- -mm--- --- —  °C
7 May 0 14 3 7.7 10.7 10.1
14 May 14 10 26 12.7 17.3 13.1
21 May 112 15 2 9.8 14.5 13.1
28 May 7 78 0 16.2 13.3 13.7
4 June 38 13 30 19.9 17.3 16.2
11 June 28 3 7 16.6 18.6 13.3
18 June 5 13 13 17.3 18.8 15.8
25 June 8 10 8 18.2 15.3 18.0
2 July 7 17 23 19.1 17.2 19.3
9 July 1 0 24 19.7 18.3 19.2
16 July 14 0 1 20.4 22.4 20.5
23 July 2 22 12 24.2 22.1 25.1
30 July 9 20 23 19.3 23.8 21.9
6 August 32 24 79 18.9 25.1 17.4
13 August 6 48 14 21.2 17.0 22.0
20 August 0 12 9 22.3 14.7 18.0
27 August 14 2 1 18.1 19.3 20.1
3 September 27 92 8 19.4 20.5 16.8
10 September 0 12 2 15.3 17.8 16.9
17 September 6 1 5 13.3 15.4 15.8
24 September 0 46 13 14.9 11.7 18.3
1 October 0 21 26 10.1 13.1 9.3
§ 45 year average precipitation, dally maximum and minimum temperatures 
from ' Byers and Goodrich (1977).
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Table 10. Soil chemical properties at all locations before 
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—  c m ---
Pembroke
—  ppm - meq/lOOg------------  —  % —
0 - 5 5.95 5.86 155 171 6.29 1.37 0.96 0.96 5.10
5 - 1 0 6.23 5.94 111 145
|_5.64J
6.42 |_0.99J 1.33 0.42 0.51 —
10 - 20 6.47 6.23 85 134 — 10.51 — 2.30 0.26 0.70 4.37
30+ — — — 11 0.00
Lee
0 - 5 6.40 6.43 25 50 7.55 2.49 0.51 0.65 7.64
5 - 1 0 — 6.07 18 21 L5.99] 6.45
| 1 • bjrj
2.11 0.25 0.57 —
10 - 20 — 6.20 17 22 — 5.19 — 1.76 0.18 0.45 4.26
30+ — — — 19 0.00
Epsom
0 - 5 5.98 6.05 112 138 7.18 To 7/71 2.16 0.53 0.61 6.72
5 - 1 0 6.48 6.14 61 96 L5-59J 6.19
j_0.74J 1.33 0.30 0.50 —
10 - 20 6.44 6.28 54 72 — 6.37 — 1.27 0.25 0.28 3.81
30+ — — — 9 0 .00
Pittsfield
0 - 5 6.40 6.24 97 161 7.33 2.29 0.31 1.01 5.35
5 - 1 0 6.38 6.26 64 82 L6, u 5.44 I_1 1.73 0.11 0.33 —
10 - 20 6.48 6.34 47 54 — 5.99 — 1.96 0.09 0.28 3.01
30+ — — — 42 0 .00
Northwood
0 - 5 6.30 6.28 48 112 8.21 3.09 0.29 0.39 5.82
5 - 1 0 6.12 5.88 46 62
L5.44J
6.01
. bUJ 1.74 0.12 0.20 —
10 - 20 — 6.07 — 58 — 5.96 — 1.47 0.10 0.18 3.39
30+ 25 0 .00
Durham
0 - 5 6.12 6.22 — 69 — 5.64 — 1.65+ — 0.59 5.46
301- 35 0 .0 0
Soil test interpretation of nutrient availability
Nutrient Very low Low Medium High Very high
phosphorus 0 - 15 - 30 _  i50 - 80 80+ ppm
calc ium 0 -  2 .0 - 3.5 - 5.0 - 7.0 - 7 .0+ (meq/lOOg)
magnesium 0 - 0.16 - 0.5 - 0.82 - 1.15 - i.:L5+ (meq/lOOg)
potassium 0 - 0 .2 - 0.36 - 0 .5 - 0.72 - 0.72+ (meq/lOOg)
§ BF indicates soil sample was taken before fertilization, AE indicates
soil sample was taken after establishment of no-till seeded alfalfa.
BF samples taken in April of 1979 except in May of 1980 at Durham.
AE samples taken in July of 1980 at all locations.
* Organic matter content calculated as dry matter disappearance during 
ashing in excess of that for the subsoil assumed to be 0% organ, matter.
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The organic matter content of all soils was quite high (Table 10), 
probably due to having been in continuous haycrop management and untilled 
for many years. This high level of organic matter probably contributed 
to relatively low bulk densities (near 1.0) found in the surface 5 cm of 
all sites except Pembroke (Table 11). Field capacity was estimated rather 
than directly measured, but was probably near 30 percent soil moisture at 
all locations, assuming a water holding capacity of 170 percent for soil 
organic matter, and 20 percent for soil mineral matter. The Importance 
of this figure comes from the fact that the Paxton soils at Durham and 
in a no-till seeded area adjacent to the Pittsfield experiment were both 
at or above field capacity in early August of 1980, despite 31 percent 
lower than normal rainfall from May through July of that year. Since 
Paxton soils are noted for the presence of a fragipan and areas where 
ground water reaches the surface, soils at both of these locations are 
probably too wet for alfalfa in some places. Comparing the areas at 
Pittsfield where alfalfa established and failed to establish, not only 
was soil moisture in August 1980 higher at the area of seeding failure 
(32 vs 21 percent), but the rate of loss of soil moisture after deliberate 
flooding of the soil was much lower (2.3 vs. 9.9 percent soil moisture 
lost/hr).
Pembroke
All treatments except 2,4-D alone provided good to excellent control 
of grasses (Table 12). The growth of old alfalfa varied greatly with 
treatment. Yield of alfalfa on 12 July 1979 following pronamide applica­
tion the previous fall was approximately 5 tons/ha; yields with treatments
Table 11. Surface soil physical properties and August 1980 soil drainage characteristics at all locations.
Surface soil properties_______________________  August 1980 soil drainage characteristics_____
Particle Bulk -H-Porosity -H-fField Soil moisture at time shownc CCRate of soil
Location density density Mean ± s.d. capacity Initial Saturated 30 minute moisture loss
3
 g / c m --------  % pore space  % soil mositure--------- - % loss/hr -
Pembroke 2.56 1.24 51.8 9.8 28 15.3 50.8 35.9 4.5
Lee 2.48 0.96 61.2 3.4 31 17.6 74.5 46.0 6.8
Epsom 2.49 0.98 60.8 2.6 30 16.9 55.4 41.7 6.3
Northwood 2.56 1.01 60.5 5.5 28 19.8 67.0 48.3 6.6
Durham 2.50 1.07 57.4 3.8 29 35.2 50.8 46.6 6.4
Pittsfield 2.55 0.99 61.4 2.5 28 20.6 55.5 41.2 9.9
+ ns ns *
No-till seeding failure adjacent to Pittsfield plots 31.3 59.8 41.2 2.3
+,* Indicates that drainage characteristic of experimental plots and that portion of adjacent no-till 
demonstration seeding which was a failure differed at the .10 and .05 levels.
++ Porosity calculated as 100% X (l-(bulk density)/(particle density)) for samples.
+++ Field capacity calculated as 1.70 X (% organic matter) + 0.20 X (% mineral matter).
0 Initial soil moisture measured before adding water to the soil, saturated measurement made as soon as 7.6 
liters of water in a 15 cm diameter was fully absorbed, and this moment used as time 0 reference point.
CC Kate of soil moisture loss calculated by linear regression of soil moisture measurements at 20, 40, and 
60 minutes after saturation versus time.
Table 12. Alfalfa seedling density, botanical composition and component yields on 12 July 1979 at Pembroke.
Alfalfa Botanical composition, 12 July Component yields, 12 July
seedling Newly Grass+++ Old alfalfa Newly Old alfalfa
density, seeded (Average of seeded seeded (Average of seeded
Herbicide treatment (kg/ha) 21 June§ alfalfa+++ and unseeded++) alfalfa and unseeded++)
- #/m2— ---------- -  % ---- ------------ ----- metric tons/ha -----
glyphosate,1 Nov. 121 47 1 10 1.93 0.39
2,4-D,1 Nov. 6 1 66 32 0.02 1.35
2,4-D,l Nov. + glyphosate,16 Nov, 38 13 8 47 0.90 2.38
glyphosate,16 Nov. 51 10 2 52 0.71 2.73
2,4-D,l Nov. + pronamide at 2.24 54 9 10 43 0.35 1.77
2,4-D,l Nov. + pronamide at 3.36 66 9 6 58 0.47 2.93
pronamide at 2.24 12 1 0 85 0.07 5.68
pronamide at 3.36 3 0 0 83 0.03 4.97
LSD(.05) within a column 1.66[log] 12.4° 7.6° 17 0.93 1.14
MSE (herbicides) 0.90riog] 50.2° 41.7° 214 0.28 0.93
Orthogonal contrasts Means and significance of F-tests-H-H-






















2 2,4-D + other herbicides vs 51** I®** 8** 4 9** 0.57 2 *96**
other herbicides alone 13 2 0 73 0.27nS 4.46
^ glyphosate,16 Nov. vs 44 12* 4 50** 0.81* 2-55**
pronamide treatments 19ns 3 2 67 0.23 3.84
2,4-D + glyphosate,16 Nov. 38 47 2.38









pronamide 6 84 5.32
+,*,** Indicates significance of the contrast at the .10, .05, and[ .01 levels, respectively.
++ Data averaged over seeded and unseeded levels of mainplot; interactions were non-signifleant.
+++,§ Data transformed by arcsineV^or log function for analysis, then means transformed back to units shown.
■I-I I 1 Interaction of pronamide rate X 2,4-Di use with regard to old alfalfa yield was significant at .05 level,
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involving 2,4-D applied on 1 November and glyphosate on 16 November were 
suppressed to about one-half that with pronamide alone; glyphosate applied 
on 1 November virtually eliminated old alfalfa (Table 12). The necessity 
of controlling both grasses and broadleaf species if new alfalfa plants 
are to be established can be seen from the failures of 2,4-D alone or 
pronamide alone to give adequate seedling density, percentage new alfalfa, 
or yield of new alfalfa on 12 July (Table 12). At the 12 July harvest, 
the percentage and yield of old alfalfa was not affected by whether a 
plot was no-till seeded, and so, only averages over seeded and unseeded 
(mainplot) treatment are shown.
Old alfalfa plants have the ability to increase the number of 
growing shoots once competition from grasses is removed by herbicide 
treatment, and seedlings near such plants probably faced a shortage of 
light, physical impedance of shoot growth, and conditions of high 
humidity, possibly favoring disease development and insect feeding 
activity.
The clearly superior herbicide employed at Pembroke was glyphosate 
applied on 1 November, which effectively controlled both grasses and 
perennial broadleaf species, including old alfalfa. This treatment did 
open up the sward for invasion by annual species, in particular shepherds- 
purse and seedling dandelion. A study of the interaction of use of 2,4-D 
on 1 November (contrast //3, Tables 12-15) with glyphosate or pronamide 
applied on 16 November (contrast //4) is revealing. For seedling density 
and old alfalfa yield (Table 12), all four treatments in this factorial 
arrangement of +/- use of 2,4-D by glyphosate/pronamide were nearly 
equivalent except the pronamide alone, which was markedly inferior at
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Table 13. Visual ratings of alfalfa stand, 22 Oct. 1979,and of alfalfa 
ground cover, 7 July 1980 at Pembroke.
Visual rating of Alfalfa ground
alfalfa stand, cover rating,
22 Oct. 1979 7 July 1980 5
Herbicide treatment (kg/ha) Seeded Unseeded Seeded Unseeded
—  % optimum --- ---- % cover ----
glyphosate,1 Nov. 87 14 79 6
2,4-D,l Nov. 35 22 15 7
2,4-D,l Nov. + glyphosate,16 Nov. 82 34 57 18
glyphosate,16 Nov. 71 44 54 30
2,4-D,l Nov. + pronamide at 2.24 67 34 45 18
2,4-D,l Nov. + pronamide at 3.36 70 40 50 24
pronamide at 2.24 72 68 46 49
pronamide at 3.36 70 74 41 55
LSD(.05) within a column 13.0 13.0 15.2 15.2
LSD(.05) across seeded and, unseeded 15.0 16.1
MSE (mainplot) 64.5 48.3
MSE (herbicides) 60.9 82.8
Means and significance of F-tests-H-
Averages Averages
Contrasts or or
Seeded Unseeded Seeded Unseeded
1 glyphosate,1 Nov. vs 87 ** “ ?9** 8
all other treatments 67 45 44 29
2 2,4-D alone vs 78 ** . 12**
remaining treatments 61 40
3 2,4-D + other herbicides vs 73**36 51 ** 20
other herbicides alone 71 62 47 44
4 glyphosate,16 Nov. vs 78 **39 55** 24
pronamide treatments 70 54 45 36
3X4 2,4-D + glyphosate,16 Nov. 58
glyphosate,16 Nov. 57**
2,4-D + pronamide 53
pronamide 71
6 pronamide rate ns ns
3X6 pronamide rate X t  2,4-D use ns ns
+,*,** Indicates significance of contrast at the .!10,.05, and .01 level:
++ Data averaged over seeded.and unseeded levels of the mainplot when
interaction with herbicide contrast was not significant. When it was
the separate seeded and unseeded responses are shown.
ft Alfalfa ground cover on 7 July 1980 of untreated border was 40%.
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Table 14. Botanical composition, 11 June 1980 at Pembroke.
Botanical composition, 11 June 1980 5
Alfalfa Grasses+++
Herbicide treatment (kg/ha) Seeded Unseeded Seeded Unseeded
_______________ V
glyphosate,1 Nov. 81 10 15 13
2,4-D,1 Nov. 24 11 69 80
2,4-D,1 Nov. + glyphosate,16 Nov. 67 17 21 57
glyphosate,16 Nov. 61 38 23 12
2,4-D,1 Nov. + pronamide at 2.24 60 24 33 35
2,4-D,1 Nov. + pronamide at 3.36 71 32 16 18
pronamide at 2.24 78 79 6 4
pronamide at 3.36 64 85 11 0
LSD(.05) within a column Id.3 18.3 16.4°16.4°
LSD(.05) across seeded and unseeded 26.4 18.0°
MSE (mainplot) 326.8 76.7°
MSE (herbicides) 119.5 96.40
Means and significance of F-tests-H-
Averages Averages
Contrasts or or
Seeded Unseeded Seeded Unseeded
1 glyphosate,1 Nov. vs 81** 10 14+
all other treatments 61 41 24
2 2,4-D alone vs 18** 75**
remaining treatments 56 17
3 2,4-D + other herbicides vs 66 ** 24 25 * 37
other herbicides alone 68 67 14 6
4 glyphosate,16 Nov. vs ** 28 27**
pronamide treatments 68 55 13
3X4 2,4-D + glyphosate,16 Nov. 42
glyphosate, 16 Nov. 49***
2,4-D + pronamide 47
pronamide 7-6
6 pronamide rate ns ns
3X6 pronamide rate X i 2.4-D use ns ns
+,*,** Indicates significance of contrast at the .10,.05 and .01 levels.
++ Data averaged over seeded and un seeded levels of the mainplot when
interaction with herbicide contrast was not significant, 
the separate seeded and unseeded responses are shown.
When it was,
+++ ArcsinejT”analysis used.
$ Botanical composition of untreated border was 50% alfalfa, 36% grass.
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Table 15. Alfalfa yield and crude protein, 11 June 1980 at Pembroke.
11 June 1980 harvest g
Alfalfa yield Crude protein-t-H-
Herbicide treatment (kg/ha) Seeded Unseeded Seeded Unseeded
-metric tons/ha— ----- - % -------
glyphosate,1 Nov. 4.15 0.29 17.5 12.8
2,4-D,1 Nov. 1.16 0.40 11.9 12.1
2,4-D,1 Nov. + glyphosate,16 Nov. 3.09 0.66 16.2 12.5
glyphosate,16 Nov. 2.91 1.30 15.7 14.1
2,4-D,1 Nov. + pronamide at 2.24 2.94 0.71 15.7 13.0
2,4-D,1 Nov. + pronamide at 3.36 3.05 1.14 17.0 13.6
pronamide at 2.24 3.81 3.68 17.0 17.1
pronamide at 3.36 2.68 4.39 16.0 16.8
LSD(.05) within a column 1.06 1.06 1.9 1.9
LSD(.05) across seeded and unseeded 1.22 -—
MSE (mainplot) 0.441 ----
MSE (herbicides) 0.399 1.04




1 glyphosate,1 Nov. vs 4.15Ajk0.29
all other treatments 2.81 1.75
2 2,4-D alone vs 0 ,■78**
remaining treatments 2,.53
3 2,4-D + other herbicides vs 3.03 **0-84
other herbicides alone 3.13 3.12
4 glyphosate,16 Nov. vs 3.00 ** 0-98
pronamide treatments 3.12 2.48
3X4 2,4-D + glyphosate,16 Nov. 3.09 0.66
glyphosate,16 Nov. 2.91 * 1-30
2,4-D + pronamide 3.00 0.93
pronamide 3.25 4.04
6 pronamide at 2.24 vs 3.38 * 2.20
pronamide at 3.36 2.86 2.76
3X6 pronamide rate X ± 2,4-D use________ ns________________________________
+,*,** Indicates significance of contrast at the .10,.05, and .01 levels.
++ Data averaged over seeded and unseeded levels of the mainplot when 
interaction with herbicide contrast was not significant. When it was, 
the separate seeded and unseeded responses are shown.
+-H- Crude protein analyzed only for the five underlined treatments, and 
estimated for all others by regression of crude protein in those 15 
plots against percent alfalfa. Crude protein was then estimated by 
entering percent alfalfa into: %C.P.=11.26 + .0738X%alfalfa, r *.82.
$ Untreated border yielded 2.60 tons/ha alfalfa at 14.8% crude protein.
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controlling growth of old alfalfa and establishing new alfalfa seedlings. 
This result is In line with the labelled use of pronamide on alfalfa stands 
as a means of reducing grass competition and increasing the percentage and 
yield of existing alfalfa. Contrast #4, which compares responses to 
glyphosate applied on 16 November with those to pronamide, averaged over
2.4-D treatments on 1 November, shows glyphosate to be superior to pron­
amide in percentage and yield of new alfalfa on 12 July. There was no 
significant Interaction of contrasts #3 and #4 on percentage and yield 
of new alfalfa (Table 12).
Table 12 shows the relative effectiveness of different herbicide 
treatments in regard to establishment of new alfalfa plants in substitu­
tion for old ones. Visual ratings of alfalfa stand in October 1979 and 
alfalfa ground cover in July 1980 (Table 13), as well as the June 1980 
harvest data (Tables 14 and 15) are useful in determining the value of 
substituting new alfalfa seedlings for old plants.
Contrast //3 (Tables 13-15) for responses subsequent to the first 
harvest of the seeding year indicates that the mixture of new and old
alfalfa plants resulting from seeding into plots treated with 2,4-D and
a grass killer was no more productive than a stand consisting entirely
of old alfalfa plants (seeded or unseeded without 2,4-D). The only
inferior combination is the one expected to do poorly, unseeded with
2.4-D treatment. Without 2,4-D, alfalfa response to pronamide treatment 
was nearly identical whether plots were seeded or unseeded, confirming 
the first harvest results that indicated that almost no alfalfa seedlings 
had been established in such treatments. Pronamide treatment of unseeded 
plots increased alfalfa ground cover in July 1980 by 30 percent over that
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in an untreated border area, showing that the old alfalfa plants did 
increase in vigor when grass competition was eliminated (Table 13).
While this equivalency of substituting new alfalfa plants for old ones 
holds for the 2,4-D/glyphosate and pronamide applied on 16 November 
treatments in which about one-half of the old alfalfa was left, the 
glyphosate applied on 1 November treatment indicates that one can 
achieve a more productive stand than is obtained by removing grass 
competition from the old one, but only if the old alfalfa is nearly 
eliminated. The alfalfa ground cover rating on 7 July 1980 (Table 13) 
shows that whereas glyphosate applied on 1 November had significantly 
more ground cover than any other treatment on seeded plots (79 percent), 
it had the least alfalfa ground cover on unseeded plots (6 percent).
One point to make in comparing seeded plots treated with glyphosate 
applied on 1 November against seeded and unseeded plots treated with 
pronamide is that while they did not differ significantly in terms of 
alfalfa yield on 11 June 1980 (Table 15), the pronamide treatments were 
much more variable (means ranging from 2.68 to 4.39 tons/ha). The 
reason is that the yields of pronamide treated plots were highly depen­
dent on how well distributed the old alfalfa plants were, as seedlings 
failed to survive in close proximity to vigorously growing old alfalfa 
plants, and, therefore, were limited in their ability to fill gaps. 
Treatment with glyphosate on 1 November, which gave complete kill of 
old alfalfa plants, allowed for the establishment of a fuller stand.
Old alfalfa yields on 12 July 1979 (Table 12) were significantly 
greater at the higher rate, compared to the lower rate, of pronamide 
only if 2,4-D had been used. This probably was a result of injury of
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the old alfalfa plants by 2,4-D, causing them to be weaker and less able 
to compete with the grasses, which had been less completely controlled by 
the lower rate of pronamide compared to the higher rate (Tables 12 and 
14). Crude protein, on 11 June 1980 was about 17 percent for alfalfa- 
dominated treatments. Forage from unseeded plots treated with glyphosate 
on 1 November was 12.8 percent crude protein, and consisted mainly of 
dandelions. The forage from plots treated only with 2,4-D was 11.9 per­
cent crude protein, and was dominated by quackgrass and Kentucky blue- 
 ^ grass. Forage harvested from the unseeded, untreated border area was
50 percent alfalfa and 14.8 percent crude protein. In contrast, forage 
in plots previously treated with pronamide was 76 percent alfalfa and 
16.7 percent crude protein, indicating that benefits of increased forage 
quality with pronamide treatment lasted into the second growing season 
after treatment. However, while pronamide treatment increased alfalfa 
yield by 40 percent, it decreased forage yield by 9 percent relative to 
the untreated check (Tables 14-15).
Lee
The existing stand at Lee was less dense than at Pembroke, and so, 
some new alfalfa was established even with herbicide treatments which 
had no adverse effects on old alfalfa. The average accumulated yield of 
old alfalfa removed up through the 20 July 1979 harvest for glyphosate 
applied on 28 October was 2.8 tons/ha. This amount of old alfalfa growth 
in treatments giving fall-kill of grasses is similar to old alfalfa yield 
of treatments at Pembroke such as glyphosate applied on 16 November or
2,4-D plus pronamide. Based on results at Pembroke, such an amount of
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old alfalfa might be expected to cause some problems with seedling 
establishment. The old alfalfa plants were Irregularly distributed in 
a sward dominated by bromegrass and quackgrass. Due to a lower density 
of alfalfa at the start of the experiment, untreated areas at Lee yielded 
33 percent less alfalfa in June 1980 than at Pembroke, and pronamide 
treated plots yielded 29 percent less alfalfa.
In a previous study (Mueller-Warrant and Koch, 1980b), a substantial 
delay between application of glyphosate and seeding was advantageous.
In the current study, numbers of alfalfa seedlings from the 4 May seeding 
(Table 16) were significantly higher with glyphosate applied in October 
than when applied on 2 May. There was little difference between October 
and 2 May application of glyphosate with 21 May seeding, but there was 
between October and 16 May application. The existence of a difference 
between fall and spring treatment is even more remarkable when one con­
siders that there was considerable old alfalfa competing with the 
seedlings with glyphosate applied in October, and almost none with 
glyphosate applied in May (Figure 1 and Tables 17 and 22). The rate 
response to glyphosate in terms of percent new alfalfa on 20 July 1979 
was linear for October application, but even the best treatment (highest 
rate with 4 May seeding), resulted in only 23 percent new alfalfa. Both 
linear and quadratic rate effects generally occurred for botanical com­
position of the 20 July 1979 harvest (Figure 1 and Tables 16 and 17), 
Indicating that response to the lowest rate used (0.75 kg/ha) differed 
from that to the other three rates, which were similar. The three 
highest rates all resulted in forage at the first harvest which was 
about 80 to 90 percent new alfalfa.
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Table 16. Alfalfa seedling density ,20 June,and new alfalfa percentage 
of forage,20 July 1979 at Lee.
Treatment Seeding date:
glyphosate on 28 Oct. 















spring single/split paraquat 
fall-spring split paraquat 
pronamide at 2.24 
pronamide at 3.36 
pronamide at 2.24 + paraquat 
pronamide at 3.36 + paraquat
LSD(.05) within a column
Alfalfa seedling 
density. 20 June 
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of forage. 20 July 














































Contrasts Values of F-•tests and significance
glyphosate means:
split vs single applic. 
Oct. vs May applied 
2 May vs 16 May applied 
pronamide vs pron. + paraq. 















4 . 6 * ---
<lns <lns
MSE (seeding dates) 





+,*,** Indicates significance at the .10,.05, and .01 levels.
L.0.C Refers to linear, quadratic, and cubic herbicide rate effects.
57
Table 17. Old alfalfa and grass percentages of forage*20 July 1979 at 
Lee.
Treatment
glyphosate on 28 Oct. 









Botanical composition of forage. 20 July 
Old alfalfa-H- Grasses














76 90 84 4 3 4
















0 0 15 9 12
at 0.75 — 0 — — 52t**
—
at 1.49 — Qns — — 15 —
at 2.24 — 0 — — 6 —
at 2.99 — 0 — — 10 —
split glyphosate 56 2 23 5 3 4
spring single/split paraquat 39 32 35 37 41 39
fall-spring split paraquat 54 42 48 34 46 40
pronamide at 2.24 69 73 71 14 18 16
pronamide at 3.36 78 84 81 3 4 4
pronamide at 2.24 + paraquat — 80 — — 5 —
pronamide at 3.36 + paraquat — 81 — — 4 —
unseeded pronamide at 2.24 — 84 — — 11 —
unseeded pronamide at 3.36 — 92 — — 3 —
unseeded nitrogen fertilized 47 — — 52 — —
unseeded untreated — 59 — — 40 —
LSD(.05) within a column 9.9° 875° 678° 15 IT ~ 8
LSD(.05) across seeding dates 12.4° 13
Contrasts Values of F-•tests and significance
glyphosate means:
split vs single applic. 7.8** 35** Int.** 1 .6ns 8 .0** 5.8*
Oct. vs May applied 310**1190** Int.** 8.4** 33** 27.4**
2 May vs 16 May applied -- 23** -- -- 6.2* --
pronamide vs pron. + paraq. -- <lns -- -- 3.0+ --
pronamide at 2.24 vs 3.36 1.3ns 2 .0ns 3.8+ 1. 9ns 4.0+ 9.2**
pron. seeded vs unseeded -- 6.7* -- -- <lns --
MSE (seeding dates) 95.3U 79.9
MSE (herbicides) 34.8° 26.5° 33.9° 82.8 40.0 45.7
+,*,** Indicates significant2 at the .10,.05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
++ ArcsineV”analysis used.
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Table 18. Botanical composition of forage,31 August 1979.at Lee.
Botanical composition of forage. 31 August 
Alfalfa++ Grasses
















spring single/split paraquat 
fall-spring split paraquat 
pronamide at 2.24 
pronamide at 3.36 
pronamide at 2.24 + paraquat 
pronamide at 3.36 + paraquat 
unseeded pronamide at 2.24 
unseeded pronamide at 3.36 
unseeded nitrogen fertilized 
unseeded untreated
LSD(.05) within a column
88 91 90 11 7 9
85ns 85ns 85ns 14ns 12ns 131
91 90 91 8 6 7
93 92 92 5 6 5
70. . 77 ^ 74T . 24. . 19.. 22,












8 7 ^ — —
gQ** —
-- 78 — — 7 —
97 94 96 2 4 3
67 77 72 26 20 23
77 61 69 21 34 27
87 78 83 9 16 12
91 90 91 4 4 4
— 89 — — 5 —
— 91 — — 5 —
— 74 — — 18 —
— 85 — — 4 —
60 — — 37 — —
— 55 — — 34 —





Contrasts Values of F--tests and significance
glyphosate means:
split vs single applic. 12** 4.2* 8.1 5.1* 2.9+ 5.5+
Oct. vs May applied 3.4+ 6.7* < Ins 1.8ns 3.8+ 2.3ns
2 May vs 16 May applied -- 13** -- -- 2.7ns --
pronamide vs pron. + paraq. -- 1 .4ns -- -- 1.1ns --
pronamide at 2.24 vs 3.36 < Ins 2 .0ns 2.9+ 1.2ns 2.0ns 4.7*
pron. seeded vs unseeded -- 3.0+ -- -- <lns --
MSE (seeding dates) 





+,*,** Indicates significance at the .10,.05, and .01 levels.













*Rate: 1 2  3 4 1 2  3 4 2+1 1 2  3 4 1 2  3 4 1 2 3 4 2+1
**Date:
Seeding:
28 Oct. 2 May
4 May 1979 seeding date
Oct.+ 
2 May
28 Oct. 2-May 16 May
21 May 1970 seeding date
0ct.+ 
16 May
* Glyphosate rates 1,2,3,4 equal 0.75, 1.49, 2.24, 2.99 kg/ha.
** Dates of application of glyphosate are all in 1979 except for 28 October 1978 treatment.
Figure 1. Alfalfa percentage at Lee in 1979 harvests by seeding date, glyphosate treatment date, and rate.
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With 21 May seeding, glyphosate applied on 2 May gave better 
results than glyphosate applied on 16 May with respect to maximizing 
percent new alfalfa (Figure 1 and Table 16), and minimizing percent old 
alfalfa and grass (Table 17). Differences in alfalfa percentage of 
forage between 2 May and 16 May application of glyphosate prior to 21 
May seeding remained significant through the 31 August 1979 harvest 
(Figure 1 and Table 18), but not harvests in 1980.
An interaction occurred between seeding date and glyphosate treat­
ment date for percentage alfalfa of all three harvests in 1980. The 
most favorable combinations were October treatment and 4 May seeding 
and 2 May treatment and 21 May seeding (Tables 19 and 20).
A split application of glyphosate, compared with all other glyphosate 
treatments, increased seeding density (Table 16), increased percentage 
old alfalfa on 20 July 1979 with 4 May seeding and decreased it with 
21 May seeding (Table 17). It also increased percentage alfalfa on 
31 August 1979 and 4 June 1980 for both seeding dates (Tables 18 and 
19). For the 21 May (Tables 16, 17, and 20), but not the 4 May seeding, 
a split application of glyphosate increased percentage new alfalfa and 
decreased percentage grasses on 20 July 1979 and increased percentage 
alfalfa on 18 July and 5 September 1980.
The split application of glyphosate apparently provided the bene­
fits of vegetation kill well in advance of seeding, as well as good 
control of old alfalfa. The control of old alfalfa with 0.75 kg/ha of 
glyphosate just prior to seeding increased greatly from 2 to 16 May 
date of application (Tables 17 and 22). This probably indicates that 
alfalfa has a certain amount of tolerance to glyphosate during early
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Table 19. Botanical composition of forage,4 June 1980 at Lee.
Botanical composition of forage, 4 June
Alfalfa Grasses
Treatment Seeding date: 4 May 21 May Mean 4 May 21 May Mean
glyphosate on 28 Oct.
------% -----— -----------
at 0.75 kg/ha 80 72 76 14 23 18
at 1.49 79nS 66ns 73nS 18 29 24
at 2.24 84 81 82 7 13 10
at 2.99 81 72 77 12 20 16
glyphosate on 2 May
at 0.75 67 31-j 30-. 31«+
at 1.49 79 78ns 79 1 5 ^ 1 6 ^ 16^
at 2.24 76 84 80 16 14 15
at 2.99 69 74 71 22 23 22







at 2.24 - 79 - — 17 —
at 2.99 - 77 - — 15 —
split glyphosate 88 96 92 6 2 4
spring single/split paraquat 60 63 61 37 33 35
fall-spring split paraquat 62 50 56 36 46 41
pronamide at 2.24 73 71 72 19 28 23
pronamide at 3.36 84 80 82 6 12 9
pronamide at 2.24 + paraquat — 84 — — 12 —
pronamide at 3.36 + paraquat — 78 — — 16 —
unseeded pronamide at 2.24 — 55 — — 39 —
unseeded pronamide at 3.36 — 70 — — 11 —
unseeded nitrogen fertilized 57 — — 43 — —
unseeded untreated — 42 — — 55 —
LSD(.05) within a column 17.3 19.3 12.5 17.6 18.7 12.9
LSD(.05) across seeding dates 20 .4 23 .8
Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic. 
Oct. vs May applied 
2 May vs 16 May applied 
pronamide vs pron. + paraq. 
pronamide at 2.24 vs 3.36 































+,*,** Indicates significance at the .10,.05, and .01 levels.
L,Q,C, Refers to linear, quadratic, and cubic herbicide rate effects.
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Table 20. Alfalfa percentage of forage* 18 July and 5 Sept. 1980..at Lee.
Alfalfa percentage of forage, summer 1980
18 July harvest 5 Sept . harvest
Treatment Seeding date: 4 May 21 May Mean 4 May 21 May Mean
glyphosate on 28 Oct.
------%












at 2.24 94 89 92 91 90 90s
at 2.99 92 91 91 94 84 89
glyphosate on 2 May
at 0.75 84 84 83 88 86
at 1.49 93ns 93nS 93 93ns 97ns 95nS
at 2.24 88 93 90 88 86 87
at 2.99 85 92 88 90 91 90
glyphosate on 16 May
74t*at 0.75 — 80 — — —
at 1.49 — 88ns — — 91 —
at 2.24 — 89 — — 96 —
at 2.99 — 88 — — 93 —
split glyphosate 91 97 94 97 99 98
spring single/split paraquat 83 88 86 88 88 88
fall-sprlng split paraquat 86 78 82 90 69 79
pronamide at 2.24 82 79 81 80 73 77
pronamide at 3.36 92 86 89 97 90 94
pronamide at 2.24 + paraquat — 90 — — 88 —
pronamide at 3.36 + paraquat — 88 — — 86 —
unseeded pronamide at 2.24 — 81 — — 58 —
unseeded pronamide at 3.36 — 86 — — 68 —
unseeded nitrogen fertilized 75 — — 68 — —
unseeded untreated — 74 — — 76 —
LSD(.05) within a column 11.7 9.7 7.6 18.0 17.0 11.1
LSD(.05) across seeding dates 15. 5 22.3
Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic. 
Oct. vs May applied 
2 May vs 16 May applied 
pronamide vs pron. + paraq. 
pronamide at 2.24 vs 3.36 

























MSE (seeding dates) 





+,*,** Indicates significance at the .10,.05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
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spring growth, perhaps due to carbohydrate translocation from alfalfa 
roots toward emerging shoots at that time.
Following up fall pronamide treatment with paraquat at the time of 
21 May seeding increased new alfalfa percentage and decreased grass per­
centage of forage on 20 July 1979 (Tables 16 and 17). In general, 
pronamide plus paraquat treatment was not successful in seeding establish­
ment as split application of glyphosate, in part because paraquat provides 
only a week or two setback of old alfalfa plants and perennial broadleaf 
weeds, such as dandelions, rather than the high degree of kill associated 
with glyphosate.
Split application of glyphosate significantly increased alfalfa 
stand rating on 21 September 1979 and alfalfa ground cover rating on 23 
June 1980 compared to all other glyphosate treatments for both seeding 
dates (Table 21). Split application of glyphosate was more effective 
when seeding was on 21 May than on 4 May. The interaction of seeding 
date and glyphosate application date was significant for both stand 
rating and ground cover rating. Fall application of glyphosate resulted 
in better stand ratings with early seeding and 2 May application resulted 
in better stands with later seeding. Glyphosate applied on 2 May com­
pared to 16 May resulted in significantly higher stand ratings the 
seeding year, but not ground cover ratings in 1980. The ability of 
alfalfa plants to increase in vigor as they become fully established 
may explain these results. It may be that the lower number of seedlings 
with 16 rathter than 2 May date of glyphosate are adequate, but require 
longer to fully occupy the space made available by the complete sward 
kill by glyphosate. The addition of paraquat at seeding to fall kill of
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Table 21. Visual ratings of alfalfa stand, 21 Sept. 1979,and of alfalfa 
ground cover, 23 June 1980.at Lee.
Alfalfa stand Alfalfa ground
rating, 21 Sept. 1979 cover, 23 June 1980
Treatment Seeding date: 4 May 21 May Mean 4 May 21 May Mean
glyphosate on 28 Oct.
-% optimum stand- -% ground cover—
at 0.75 kg/ha 71 73 72 51 53 52
at 1.49 71 67 ns 69nS 56nS 40 48
at 2.24 . 73 74 74 50 49 50
at 2.99 74 76 75 54 57 55









at 2.24 61 94Q 78 51 69 60
at 2.99 62 88 75 42 63 53






at 2.24 — 78 — — 63 —
at 2.99 — 77 — — 64 —
split glyphosate 79 98 88 64 79 72
spring single/split paraquat 66 79 73 49 54 51
fall-spring split paraquat 64 64 64 45 39 42
pronamide at 2.24 69 70 69 48 42 45
pronamide at 3.36 69 71 70 57 58 58
pronamide at 2.24 + paraquat — 74 — — 65 —
pronamide at 3.36 + paraquat — 80 — — 58 —
unseeded pronamide at 2.24 — 65 — — 39 —
unseeded pronamide at 3.36 — 58 — — 40 —
unseeded nitrogen fertilized 56 — — 39 — —
unseeded untreated — 48 — — 42 —
LSD(.05) within a column 14.5 9.2 11.6 17.2 15.8 11.4
LSD(.05) across seeding dates 14. 6 20.
Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic. 
Oct. vs May applied 
2 May vs. 16 May applied 
pronamide vs pron. + paraq. 
pronamide at 2.24 vs 3.36 

























MSE (seeding dates) 122.8 241.2
MSE (herbicides) ________ 74.8 30.8 49.8 104.6 91.9 96.8
+,*,** Indicates significance at the .10,.05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
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Table 22. Forage yield of cleanup harvest on 31 May 1979 and old 
alfalfa yield on 20 July 1979 at Lee.
Treatment
Forage yield of 
cleanup harvest, 
31 May 1979 
Seeding date: 4 May 21 May
Old alfalfa yield,
20 July 1979________
4 May 21 May Mean
glyphosate on 28 Oct. 
























at 0.75 0 0 0.64 0.13 0.39
at 1.49 0 0 0 .04 0.05nS 0.04ns
at 2.24 0 0 0.04 0.04 0.04
at 2.99 0 0 0.00 0.00 0.00
glyphosate on 16 May
at 0.75 — 0 — 0.00 —
at 1.49 — 0 — 0.00 —
at 2.24 — 0 — 0.00 —
at 2.99 — 0 — 0.00 —
split glyphosate 0 0 1.28 0.03 0.65
spring single/split paraquat 0.52 0 0.68 0.68 0.68
fall-spring split paraquat 0.98 0 1.05 0.84 0.94
pronamide at 2.24 1.64 0 1.16 1.74 1.45
pronamide at 3.36 2.07 0 1.38 2.07 1.73
pronamide at 2.24 + paraquat — 0 — 2.21 —
pronamide at 3.36 + paraquat —
0 +++ — 1.84 —
unseeded pronamide at 2.24 — 1.72ct!t — 1.98 —
unseeded pronamide at 3.36 —  j j . 1.92c — 1.96 —
unseeded nitrogen fertilized 3 . 9 0 a ^  — 1.17 — —
unseeded untreated — 3.39b — 1.53 —
LSD(.05) within a column 0.838 0.989 0.615 0.624 0.431
LSD(.05) across seeding dates — 0.806
Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic. --- -- 2. 7ns 16.8** Int.**
Oct. vs May applied --- --- 96.0** 434.** Int.**
2 May vs 16 May applied --- --- --- <lns ---
pronamide vs pron. + paraq. --- -- --- <lns ---
pronamide at 2.24 vs 3.36 1.3ns <lns <lns <lns 1.6ns
pron. seeded vs unseeded --- --- --- <lns ---
MSE (seeding dates) 0.4159
MSE (herbicides) 0.2552 0.2220 0.1337 0.1429 0.1377
+,*,** Indicates significance at the .10,.05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
++ Cleanup forage yield of 0 indicates treatment was not harvested 31 May. 
+++ Unseeded treatments harvested to ground level on 31 May analyzed apart 
from seeded ones cut at 15 cm; letters show differences at .05 level.
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grasses by pronamide significantly improved visual ratings of alfalfa in 
both years (Table 21). There was a linear rate response with glyphosate 
applied on 16 May for both visual ratings, and linear and quadratic 
effects with glyphosate applied on 2 May, indicating that the upper two 
or three rates were similar in effect. No rate response was significant 
for glyphosate applied in October.
With the 21 May seeding, new alfalfa yield on 20 July 1979 and 
alfalfa yields of the two succeeding harvests were greater with glyphosate 
applied on 2 May compared to 16 May. The last two harvests and the 
seasonal total in 1980 were not significantly different (Tables 23-25).
The yield of new alfalfa (Table 23) was greater for glyphosate applied 
in May than in October with both seeding dates. Alfalfa yield on 31 
August 1979 was greater for glyphosate applied in October than in May.
An interaction occurred between seeding date and date of glyphosate 
application for all alfalfa yields in 1980 except the 18 July harvest.
The more favorable combinations were October treatment with 4 May seeding 
and 2 May treatment with 21 May seeding (Tables 24-25). The addition of 
paraquat at seeding to pronamide treatment the previous fall improved 
results over those with pronamide treatment for new alfalfa yield on 20 
July 1979 (Table 23), but not subsequent alfalfa yields. The contrast 
of seeded versus unseeded with pronamide showed significant benefits to 
seeding for alfalfa yields for all harvests after 20 July 1979. With 
the 21 May seeding, split application of glyphosate was superior to the 
mean of all single glyphosate treatments for all harvests during 1979 
and 1980 (Tables 23-25). With 4 May seeding, split application was 
significant during the seeding year only (Table 23). Glyphosate rate
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Table 23. New alfalfa yield on 20 July and alfalfa yield on 31 August 
1979 at Lee.
Yield of newly seeded 
alfalfa, 20 July 1979
Alfalfa yield, 
31 August 1979
Treatment Seeding date: 4 May 21 May Mean 4 May 21 May Mean
----------- metric tons/ha----------------












1 • 90 
1 .7 6
at 2.24 0.32 0.13 . 0.23 2.19 2.00 2.10
at 2.99 0.46 0.26 0.36 1.71 2.11 1.91
glyphosate on 2 May
at 0.75 0.29.* 0.46. . 0.38_ 1.51 1.40-l
at 1.49 °*82c+
0.91^*0.87^ 1.71Q+ 1.77ns 1.740+
at 2.24 0 .52 0.93 0.72 1.48 1.83 1.63
at 2.99 0.40 0.77 0.59 1.25 1.52 1.38
glyphosate on 16 May
at 0.75 ____ 0.32_. ____ ____ 0.90 —--
at 1.49 — — 0.45 ----- l.llnS ----
at 2.24 ---- 0.49 ---- ---- 1.40 ----
at 2.99 ---- 0.51 ---- ---- 1.21 ----
split glyphosate 0.85 1.00 0.93 2.26 2.12 2.19
spring single/split paraquat 0.34 0.52 0.43 1.32 1.70 1.51
fall-spring split paraquat 0.23 0.19 0.21 1.63 1.19 1.41
pronamide at 2.24 0.23 0.05 0.14 1.75 1.81 1.78
pronamide at 3.36 0.23 0.09 0.16 2.03 2.32 2.18
pronamide at 2.24 + paraquat ---- 0.29 ---- ---- 2.12 ----
pronamide at 3.36 + paraquat 0.33 ---- ---- 2.04 ----
unseeded pronamide at 2.24 ---- ---- ---- ---- 1.55 ----
unseeded pronamide at 3.36 ---- ---- ---- 1.94 ----
unseeded nitrogen fertilized ---- ---- ---- 1.22 ---- ----
unseeded untreated ---- ---- -- - ---- 0.96 ----
LSD(.05) within a column 0.365 0.258 0.214 0.520 0.649 0.470
LSD(.05) across seeding dates 0.408 0.766
Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic. 10.8** 
Oct. vs May applied 4.5*
2 May vs 16 May applied ---
pronamide vs pron. + paraq. ---
pronamide at 2.24 vs 3.36 <lns 



























+,*,** Indicates significance at the .10,.05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
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Table 24. Alfalfa yield on 4 June 1980 and for 1980 growing season at Lee.
Alfalfa component yields in 1980_____
4 June harvest Seasonal total
Treatment Seeding date: 4 May 21 May Mean 4 Mav 21 Mav Mean
glyphosate on 28 Oct.
------ ----
at 0.75 kg/ha 2.92 2.59 2.75 7.07 6.49 6.78
at 1.49 3.05tlS 2.28 2 .66nS 7.30ns 5.36nS 6.33
at 2.24 2.74 2.78 2.76 6.78 6.63 6.70
at 2.99 2.66 2.28 2.47 6.32 5.58 5.95
glyphosate on 2 May
at 0.75 2.39 2.22. 2-31rt* 5.92 5.95 5.93-,
at 1.49 2.86nS 3*l9£ 3.02 7.13ns 7.52nS 7.32
at 2.24 2.54 3.27 2.91 5.84 6.98 6.41
at 2.99 2.24 2.97 2.60 5.50 6.45 5.98
glyphosate on 16 May
at 0.75 --- 2.38 --- --- 5.25 ---
at 1.49 --- 2.46nS --- --- -6.30US
at 2.24 — — 2.48 --- — — 6.55 ---
at 2.99 --- 2.21 --- --- 5.80 ---
split glyphosate 3.07 3.37 3.21 7.11 8.01 7.56
spring single/split paraquat 2.45 2.62 2.54 6.15 6.54 6.34
fall-spring split paraquat 2.44 2.51 2.47 6.50 5.47 5.98
pronamide at 2.24 2.26 2.74 2.50 5.33 6.08 5.71
pronamide at 3.36 2.48 2.99 2.73 6.65 7.22 6.93
pronamide at 2.24 + paraquat --- 2.68 --- --- 7.10 ---
pronamide at 3.36 + paraquat --- ■ 2.98 --- --- 6.39 ---
unseeded pronamide at 2.24 --- 2.29 --- --- 4.67 ---
unseeded pronamide at 3.36 --- 2.27 --- --- 5.04 ---
unseeded nitrogen fertilized 2.50 --- --- 5.70 --- ---
unseeded untreated --- 1.72 — — --- 4.60 ---
LSD(.05) within a column 0.945 0.841 0.650 2.180 1.982 1.477
LSD(.05) across seeding dates 1.146 2.669
Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic. 1.3ns 6.4* 4.8* <lns 6 .0* 4.2*
Oct. vs May applied 2. Ins <  Ins Int .* 2. Ins <  Ins Int .*
2 May vs 16 May applied -- 6.5* -- -- 2.4ns --
pronamide vs pron. + paraq. -- <  Ins -- -- <  Ins --
pronamide at 2.24 vs 3.36 <lns <lns <lns 1.5ns < Ins 2.8ns
pron. seeded vs unseeded -- 5.1* -- -- 9.4** - —
MSE (seeding dates) 0.7376 4.251
MSE (herbicides) 0.3156 0.2594 0.3124 1.687 1.442 1.614
+,*,** Indicates significance at the .10,.05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
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Table 25. Alfalfa yield on 18 July and 5 Sept. 1980 at Lee.
Alfalfa component yields by harvests in 1980
18 July harvest 5 Sept . harvest
Treatment Seeding date: 4 May 21 May Mean 4 May 21 May Mean
glyphosate on 28 Oct.
at 0.75 kg/ha 1.94 1.78 1.86 2.21 2.13 2.17
at 1.49 2.03nS 1.36nS 1.70nS 2.22nS 1.72nS 1.97ns
at 2.24 1.89 1.94 1.92 2.14 1.91 2.02
at 2.99 1.71 1.71 1.71 1.95 1.59 1.77
glyphosate on 2 May
at 0.75 1' 70^ 1.60 1<65ft+ 1.83 2.13 1.98
at 1.49 2.26 1.99nS 2.12 2.01nS 2.35ns 2.18ns
at 2.24 1.51 1.91 1.71 1.80 1.80 1.80
at 2.99 1.33 1.49 1.41 1.93 2.00 1.96
glyphosate on 16 May
at 0.75 ___ 1.28 ___ ___ 1.59 ---
at 1.49 — — 1.70nS --- --- 2.14ns ---
at 2.24 --- 1.90 --- --- 2.16 ---
at 2.99 --- 1.54 --- --- 2.04 ---
split glyphosate 1.87 2.23 2.05 2.18 2.41 2.29
spring single/split paraquat 1.68 1.96 1.82 2.02 1.96 1.99
fall-spring split paraquat 1.92 1.37 1.64 2.14 1.59 1.87
pronamide at 2.24 1.60 1.55 1.57 1.48 1.79 1.63
pronamide at 3.36 1.94 1.91 1.93 2.23 2.32 2.27
pronamide at 2.24 + paraquat --- 2.23 --- --- 2.19 ---
pronamide at 3.36 + paraquat --- 1.68 --- --- 1.73 ---
unseeded pronamide at 2.24 --- 1.23 --- --- 1.16 ---
unseeded pronamide at 3.36 — — 1.22 --- --- 1.55 ---
unseeded nitrogen fertilized 1.81 --- --- 1.39 --- ---
unseeded untreated --- 1.38 --- --- 1.50 ---
LSD(.05) within a column 0.872 0.767 0.580 0.736 0.751 0.515
LSD(.05) across seeding dates 1.116 0.853
Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic. <lns 3.8+ 1.8ns <lns 2.7ns 2.7ns
Oct. vs May applied <lns < Ins <lns 1.8ns 1.4ns Int.+
2 May vs 16 May applied -- <lns -- -- <lns --
pronamide vs pron. + paraq. -- < Ins -- -- <lns --
pronamide at 2.24 vs 3.36 <lns < Ins 1.5ns 4.5* <lns 6 .2*
pron. seeded vs unseeded -- 7.1* -- -- 8 .2** --
MSE (seeding dates) 0.8433 0.3333
MSE (herbicides) I0.2688 0.2158 0.2491 0.1916 0.2072 0.1965
+,*,** Indicates significance at the .10,.05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
effects on alfalfa yield occurred with 2 May application date at most of 
the harvests. Alfalfa yield Increased significantly from the 0.75 kg/ha 
to the three highest rates, which did not differ significantly.
Some differences between seeding dates occurred, and may be related 
to the cool, wet weather which followed the 4 May seeding. Some loss of 
alfalfa seedlings due to cutworm (Agrostis ypsilon Rottemburg and Feltia 
subgothica Haworth) activity occurred in an adjacent experiment (McPherson 
et al., 1980), and may have taken place in this 4 May seeding. It is 
interesting that in this experiment the early May glyphosate treatment/ 
early May seeding combination fared similarly to the later treatment/ 
later seeding combination, and both were markedly inferior to the early 
treatment/later seeding combination. This is somewhat in contrast to 
the results in a heavy stand of quackgrass on a similar soil type 
(Mueller-W°.rrant and Koch, 1980b), where the early treatment/early 
seeding combination was as good as early treatment/later seeding, and 
both were much better than the later treatment/later seeding combination.
• i
In addition to differences in soil fertility and weather conditions 
between sites and year, two possibly important differences in technique 
exist. The seedings made into quackgrass in 1977 were with the Powrtill 
seeder, which strip-tills swaths 2 cm wide, while those made in 1979 were 
with the Tye seeder, which cuts open a slit, but does not till a seedbed. 
The 1977 seeding technique also Included use of a lawnmower to remove 
much of the mulch of dead grass and litter from the soil surface, unlike 
the present study in which material was allowed to remain in situ.
Several interesting effects were present in crude protein level of
forage harvested in 1979 (Table 26). Crude protein of forage harvested
Table 26. Crude protein percentages of selected treatments harvested in 1979-1980 at Lee.
Harvests in 1979 Harvests In 1980
Treatment Seeding 31 Mav
(kg/ha) date: Unseeded
glyph. on 28 Oct.
20 July _
21 May 4 May
31 August 4 June 18 July 5 Sept.
21 May- Mean 4 May 21 May 4 May 21 May 21 May
-(percent crude protein)-
ave. 0.75,2.99 .... — NA++ 17.5ab 16.7c 17.1b NA NA NA NA NA
gljrph. on 2 May
at 0.75 ........... — 17.7ab 1 1 NA 16.9ab NA -| NA
at 1.49 .......... — 19.0b NA 20.0a 19.2a NA 16.9ab NA NA
at 2.24 .......... — J NA J NA 19.2a NA • is NA
at 2.99 ........... — NA 19.1a NA -J 15.1b 14.4b 21.9a -1 NA
glyph, on 16 May
at 0.75 ........... — NA 1 — — NA — NA NA
at 1.49 ...........
at 2.24 .......... :: 320.6a






at 2.99 .......... — NA — NA — — 17.2ab — 21.8a NA
split glyphosate .... — NA 16.4b 18.6abc 17.5ab 18.1a 18.8a 20.6a 20.5ab 18.3a
spring split paraquat — NA — NA — — 15.8b — 21.7a NA
fall-spring paraquat — NA 17.6abc NA NA NA NA NA NA NA
pronamide at 3.36 ... — NA NA 17.2bc NA NA 16.8ab NA 21.8a NA
unseeded pron. ave... 19.9a 15.4c — 16.8c — — 16.2b — 21.1a NA
unseeded nitrogen ... 21.0a 14.8c 19.4a — — 19.2a — 18.9b — NA
unseeded untreated .. 16.6b 16.0c — 18.2abc — — 15.0b — 18.9b 19.7a
signif. level used * * * * * + + + + +
MSE (herbicides) 1.864 0.698 1.916 3.272 3.324 3.509 5.115 0.543 1.391 1.744
+,* Means followed by the same letter within a column do not differ at the .10 and .05 levels, respectively. 
§ Values averaged over herbicide rates indicated as differences between rates were not significant.
++ NA = Treatment was not analyzed for crude protein.
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on 20 July from the 21 May seeding was significantly higher with 16 May 
glyphosate treatment than with 2 May treatment (20.6 vs. 19.0 percent). 
This may represent the same effect of delayed seedling development 
suggested previously by Mueller-Warrant and Koch (1980b) as time between 
glyphosate treatment and seeding was shortened. Forage crude protein 
at the 31 August 1979 harvest (averaged over both seeding dates) was 
17.1 and 19.2 percent for application of glyphosate on 28 October and 
2 May, respectively (Table 26). The lower protein with glyphosate ap­
plied in October is probably related to the old alfalfa, which dominated 
the fall-applied glyphosate treatment, being more mature at time of 
harvest than was the newly seeded alfalfa, which dominated the glyphosate 
applied on 2 May treatment (Figure 1 and Tables 16 and 17).
Epsom
Old alfalfa plants at the Epsom site posed little problem as very 
few plants existed at time of seeding. Brome and quackgrass were the 
dominant species. Glyphosate applied on 13 November gave substantially 
better control of grasses than on 23 October (Table 28), partly because 
the area had been pastured in late September and had received little 
rainfall that month (Table 9). The average size of grass plants on 23 
October was about 8 cm. By 13 November the grasses were somewhat 
larger, and more readily controlled. With glyphosate applied on 23 
October, alfalfa seedling density and percentage new alfalfa of the 
first harvest increased linearly with herbicide rate (Figure 2 and 
Table 27). Only the combination of 3.0 kg/ha glyphosate and 25 April
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Table 27. Alfalfa seedling density,21 June,and new alfalfa percentage
of forage harvested 27 July 1979 at Epsom.
Alfalfa seedling New alfalfa percentage
Treatment Seeding date:
glyphosate on 23 Oct. 
















fall-spring split paraquat 
pronamide at 2.46 
pronamide at 3.70
LSD(.05) within a column 
LSD(.05) across seeding dates
--


























































Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic. --- 9 .4** --- --  20.1** ---
23 Oct. vs 13 Nov. 12.9** --- --- 57.9** -- ---
23 Oct. vs 1 May --- 12.0** --- --  176.** ---
pronamide at 2.46 vs 3.70 2.5ns 4.5* 6.1* 2.7ns 4.4* 6.2*
MSE (seeding dates) 561 110
MSE (herbicides) 2488 1244 1948 121 183 175
+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
$ New alfalfa percentage of alleys treated with glyphosate on 1 May, 














*Rate: 1 2  3 4 1 2  3 4 1 2  3 4 1 2 3 4 2+1
**Date:
Seeding:
23 Oct. 13 Nov. 23 Oct. 1 May
25 April seeding date 3 May seeding date
0ct.+
May
* Glyphosate rates 1,2,3,4 equal 0.65, 1.42, 2.13, 2.99 kg/ha on 23 October, 0.87, 1.76, 2.63, 3.52 kg/ha on 
13 November, and 0.75, 1.49, 2.24, 2.99 kg/ha on 1 May.
**Dates of application of glyphosate are all in 1978 except for 1 May 1979 treatment._________________________
Figure 2. Alfalfa percentage at Epsom in 1979 harvests by seeding date, glyphosate treatment date and rate.
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seeding resulted in first harvest forage approaching 50 percent new 
seedling alfalfa. The percentage of grass on 27 July generally decreased 
with rate of glyphosate applied in October, and was higher for 3 May than 
for 25 April seeding at the highest rate (Table 28). There were linear 
rate responses to glyphosate applied in October for alfalfa percentage 
(increasing with rate) and for grass percentage (decreasing with rate) 
at the 19 October 1979 harvest (Table 29). Rate of glyphosate applied 
in October interacted with seeding date in that percentage alfalfa for 
earlier seeding was higher than for later seeding with the three highest 
rates at the 12 June 1980 harvest (Table 30). On this drouthy site, 
for glyphosate applied in October, eight days delay in seeding from 25 
April to 3 May had a negative impact of success of establishment of new 
alfalfa, probably due to extreme competition for moisture between 
surviving grasses and seeding alfalfa. Rainfall during June and July 
of 1979 averaged only 51 percent of the normal amount.
With glyphosate applied on 13 November, an increase in rate up to
2.6 kg/ha increased control of grasses and improved establishment of 
alfalfa at all three harvests (Figure 2 and Tables 27-30). The results 
for the two lower rates of glyphosate applied on 13 November were nearly 
identical to those for the two highest rates of glyphosate applied on 
23 October (Figure 2 and Tables 27-30). The two highest rates of 
glyphosate applied on 13 November provided good grass control and gave 
alfalfa establishment on par with that from glyphosate applied on 1 May.
Glyphosate applied on 1 May was the best treatment at this site for 
most responses, and the three highest rates all gave essentially equal 
results in terms of percentage new alfalfa (Figure 2 and Table 27),
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Table 28. Old alfalfa and grass percentage of forage harvested on
27 July 1979 at Epsom.
Botanical composition of forageiB
Old alfalfa All grasses
Treatment Seeding date: 25 Apr 3 May Mean 25 Apr 
_ y ________
3 May Mean
gljrphosate on 23 Oct.
/o







at 2.13 15 24 19 53 47Q 50sig
at 2.99 20 19 19 21 35 28




ions {qL** __ _
at 2.63 15 — — 11* — —
at 3.52 17 — — 9 — —
glyphosate on 1 May
at 0.75 — 13 — — 26.* —
at 1.49 — 6nS — — * —
at 2.24 — 9 — — 6 —
at 2.99 — 4 — — 7 —
split glyphosate — 10 — — 74 —
paraquat — 18 — — 66 —
fall-spring split paraquat 25 24 25 56 57 56
pronamide at 2.46 22 36 29 35 32 34
pronamide at 3.70 22 32 27 20 17 19
unseeded pronamide at 2.46 29 — — 55 — —
unseeded pronamide at 3.70 58 — — 28 — —
unseeded nitrogen fertilized — 38 — — 62 —
unseeded untreated 38 — — 61 — —
LSD(.05) within a column 18.3 15.6 13.6 16.8 14.6 11.0
LSD(.05) across seeding dates 23,.6 21 .5
Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic.
23 Oct. vs 13 Nov. applied 
23 Oct. vs 1 May applied 
pronamide at 2.46 vs 3.70 
pronamide seeded vs unseeded












MSE (seeding dates) 





+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
® Botanical composition of alleys treated with glyphosate on 1 May, 
seeded with ’Iroquois' alfalfa on 3 May was 6% old alfalfa, 8% grass.
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Table 29. Botanical composition of 19 Oct. 1979 harvest at Epsom.
Botanical composition of foraget
Alfalfa_______  All grasses
Treatment Seeding date: 25 Apr 3 Mav Mean 25 Apr 3 May Mean
glyphosate on 23 Oct. - % ■
at 0.65 kg/ha 
at 1.42 & * * 26L“
8 1 t * *  7 0 t * *  7 6 t** 
60 70 65
at 2.13 48 47 48 50 50 50
at 2.99 70 59 64 28 36 32







at 2.63 88 — — 9 — —
at 3.52 93 — — 3 — —
glyphosate on 1 May
at 0.75 _ 74. _ _ 24 _ _
at 1.49 _ 94 _ _ 4L* _
at 2.24 — 91 — — 3Q+ —
at 2.99 — 93 — — 3 —
split glyphosate — 26 — — 74 —
paraquat — 40 — — 58 —
fall-spring split paraquat 36 44 40 62 53 57
pronamide at 2.46 59 58 58 31 34 32
pronamide at 3.70 75 70 72 17 23 20
unseeded pronamide at 2.46 20 — — 60 — —
unseeded pronamide at 3.70 38 — — 39 — —
unseeded nitrogen fertilized — 12 — — 84 —
unseeded untreated 11 — — 83 — —
LSD(.05) within a column 15.3 16.1 12.4 16.2 15.6 11.9
LSD(.05) across seeding dates 20.3 19 .8
Contrasts Values of If-tests and significance
glyphosate means:
split vs single applic. —  40.3**
23 Oct. vs 13 Nov. applied 85.9** ---
23 Oct. vs 1 May applied --- 145.**
pronamide at 2.46 vs 3.70 4.8* 2.2ns 








MSE (seeding dates) 





+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
$ Botanical composition of alleys treated with glyphosate on 1 May, 
seeded with 'Iroquois' alfalfa on 3 May was 90% alfalfa, 5% grass.
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Table 30. Botanical composition of 12 June 1980 harvest at Epsom.
Botanical composition of foraget
Alfalfa
Treatment Seeding date: 25 Apr 3 May Mean
glyphosate on 23 Oct.
at 0.65 kg/ha ?!?L**
27J, L** 24„ I n t .at 1.42 32 26n+ 29 .42s ig •'at 2.13 52 35
at 2.99 59 55 57
glyphosate on 13 Nov.
at 0.87 44_ . . 
,,L** 64
— —
at 1.76 — —
at 2.63 740+ — —
at 3.52 74 — —





at 1.49 — —
at 2.24 — 78 —
at 2.99 — 82 —
split glyphosate — 35 —
paraquat — 38 —
fall-spring split paraquat 45 37 41
pronamide at 2.46 49 56 52
pronamide at 3.70 60 56 58
unseeded pronamide at 2.46 17 — —
unseeded pronamide at 3.70 29 — —
unseeded nitrogen fertilized — 11 —
unseeded untreated 11 — —
All grasses
LSD(.05) within a column 
LSD(.05) across seeding dates

































split vs single applic. --- 13.6**----
23 Oct. vs 13 Nov. applied 41.9** --- ---
23 Oct. vs 1 May applied --- 118.**----
pronamide at 2.46 vs 3.70 2.5ns <  Ins 1.3ns
pronamide seeded vs unseeded 40.3** --- — -
Values of F-tests and significance
  34.9** ---
55.7** --- ---
  215.** ---
6.5* < Ins 5.6* 
26.9** ---
MSE (seeding dates) 





+,*,** Indicate significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
# Botanical composition of alleys treated with glyphosate on 1 May, 
seeded with 'Iroquois' alfalfa on 3 May was 83% alfalfa, 9% grass. 
Adjacent field reseeded conventionally in May of 1979 was 45% alfalfa, 
35% quackgrass. and 20% bromegrass._____________________________________
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percentage grass on 27 July (Table 28), and botanical composition on 19 
October and on 12 June 1980 (Figure 2 and Tables 29-30). The 0.75 kg/ha 
rate resulted in a higher proportion of grass in the stand, but still 
gave acceptable establishment of alfalfa.
None of the fall herbicide treatments had consistent effects on the 
old alfalfa, and the 0.75 kg/ha rate of glyphosate applied on 1 May also 
failed to control old alfalfa (Figure 2 and Table 28). There was 
generally a dramatic improvement from 2.46 to 3.70 kg/ha of pronamide in 
control of grasses and establishment of alfalfa, but neither rate affected 
the old alfalfa (Tables 27-30).
Possible benefits of fall compared to spring kill of vegetation at
this site tended to be masked by the failure of most of the fall applied
treatments to adequately control the grasses. A possible advantage of
fall control is shown in Table 27 in that alfalfa seedling density was 
, 2
94 seedlings/m for the mean of all rates of glyphosate applied on 1 May
2
compared to 146 per m for the two higher rates of glyphosate applied on 
13 November (sig. at the 5 percent level) and 135 per m^ for the split 
glyphosate treatment (sig. at the 10 percent level). These differences 
in seedling number did not carry over into alfalfa percentage or yield 
differences at any of the harvests. One reason for this is that even 
94 seedlings perm, at seven weeks was probably an adequate number if 
good grass control was present. Good grass control did not exist with 
split glyphosate treatment at this location. Treatment on 23 October 
with 1.42 kg/ha of glyphosate injured the grasses only enough to delay 
their spring emergence until about mid-May, several weeks after applica­
tion of the spring portion of the split treatment and seeding.
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The drouthy nature of the sandy soil at this site and the shortage 
of rain in June and July of 1979 (Table 9) resulted in very low yields of 
alfalfa at the 27 July harvest. By the 27 July harvest (and for some 
plots also 12 June 1980 harvest) moisture stress had caused the tops of 
alfalfa seedlings to cease growth and the shoot portion of some plants 
to die back to near ground level. Regrowth of these plants from the 
crown region did not occur until substantial rain finally fell in August.
Even the best treatments at Epsom (glyphosate applied on 1 May, 13 
November (higher rates), and pronamide (higher rate)) yielded only an 
average of 0.51 tons/ha of new alfalfa at the first harvest on 27 July 
1979 (Table 32). There was a linear increase with rate of glyphosate 
applied in October for new alfalfa yield on 27 July, alfalfa yield on 
19 October and also on 12 June 1980, showing that even 3.0 kg/ha may 
have been inadequate for best alfalfa establishment (Tables 32-33).
Alfalfa yield on 19 October showed linear and quadratic response to rate 
of glyphosate applied on 13 November, indicating that the highest rate 
needed for best results was in the range of 1.76 to 2.63 kg/ha (Tables 
32-33). No significant rate effects existed with glyphosate applied on 
1 May for alfalfa yield of any of the harvests, implying that even 0.75 
kg/ha gave suppression of grasses adequate for best establishment of 
alfalfa achieved at this site. Split application of glyphosate resulted 
in alfalfa yields (Tables 32-33) similar to those for 1.4 kg/ha applied 
in October rather than 0.75 kg/ha on 1 May. Results for split applica­
tion of glyphosate were most similar to those for 2.13 kg/ha of glyphosate 
applied on 23 October, indicating that application of 0.75 kg/ha on 1 May 
in the split treatment may have slightly improved control of grasses over 
that from 1.42 kg/ha of glyphosate applied in October.
Table 31. Forage yield of cleanup harvest on 14 June 1979,and old 
alfalfa yield on 27 July 1979 at Epsom.
Forage yield, 14 June, Old alfalfa yield on 
27 July 1979®
Treatment Seeding date: 25 Apr 3 May Mean 25 Apr 3 May Mean
glyphosate on 23 Oct. tons/ha -




^ L * *
°-62n**






at 2.13 0.50 0.38 0.44 ® 0.17 0.33 0.25
at 2.99 0.38 0.25 0.31 0.3Q 0.22 0.26
glyphosate on 13 Nov.
at 0.87 0.26-. --- -- - 0.13 --- ---
at 1.76 0.17 --- 0 .1lns --- ---
at 2.63 0.00 --- — — 0.16 --- ---
at 3.52 0.00 --- --- 0.28 --- ---
glyphosate on 1 May
at 0.75 --- 0.00 ___ ___ 0.15 ---
at 1.49 --- 0.00ns --- --- 0.03ns ---
at 2.24 --- 0.00 --- --- 0.03 ---
at 2.99 --- 0.00 --- --- 0.02 ---
split glyphosate --- 0.25 --- 0.12 ---
paraquat --- 0.19 --- --- 0.36 ---
fall-spring split paraquat 0.39 0.19 0.29 0.43 0.38 0.40
pronamide at 2.46 0.43 0.37 0.40 0.37 0.67 0.52
pronamide at 3.70 0.36 0.15 0.25 0.26 0.43 0.35
unseeded pronamide at 2.46 1.7 5c § --- 0.16 --- ---
unseeded pronamide at 3.70 1.96c§ --- --- 0.49 --- ---
unseeded nitrogen fert. --- 6.19a§ --- --- 0.23 ---
unseeded untreated 3.84b§ --- --- 0.36 --- ---
LSD(.05) within a column 0.270 0.344 
LSD(.05) across seeding dates 0.435
0.237 0.326 0.340 
0.483
0.274
Contrasts Values of F-tests and signif icainee
glyphosate means:
split vs single applic. 
Oct. vs Nov. applied 
Oct. vs May applied 
pronamide at 2.46 vs 3.70 











2 . 0ns 1.7ns
MSE (seeding date) 





+,*,** Indicates significance at the .10, .05, and .01 levels. L,Q,C 
Refers to linear, quadratic, and cubic herbicide rate effects. ® Yield of 
old alfalfa in alleys treated with glyphosate on 1 May was 0.06 tons/ha.
S Unseeded treatments harvested at ground level on 14 June analyzed 
separately from seeded ones cut at 15 cm height; unseeded means followed 
by the same letter did not differ at the .05 level by DMRT. Percentage 
alfalfa of the unseeded treatments on 14 June was as follows: 
pronamide at 2.46 (22%), pronamide at 3.70 (45%), nitrogen fertilized 
(14%). and untreated (19%)._______________________________________________
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Table 32. New alfalfa yield on 27 July 1979, and alfalfa yield on 19 Oct.
1979 at Epsom.
Yield of newly seeded Alfalfa yield on 
alfalfa, 27 July 1979® 19 Oct. 1979#
Treatment Seeding date : 25 Apr 3 May Mean 25 Apr 3 May Mean
glyphosate on 23 Oct. - metric
tons/ha ■










at 2.13 0.23 0.11 0.17 0.69 0.78 0.74
at 2.99 0.42 0.26 0.34 1.19 0.87 1.03
glyphosate on 13 Nov.
at 0.87 0.32 --- --- --- ---
at 1.76 0.52ns --- --- 1 • « £ *
--- ---
at 2.63 0.55 -— --- 1 .56 --- ---
at 3.52 0.49 --- --- 1.42 --- ---
glyphosate on 1 May
at 0.75 --- 0•67p, --- --- 1.51 ---
at 1.49 --- 0.37 --- --- 1.76ns ---
at 2.24 --- 0.57 --- --- 1.63 ---
at 2.99 --- 0.39 --- --- 1.64
split glyphosate --- 0.15 --- --- 0.52 ---
paraquat --- 0.13 --- --- 0.84 ---
fall-spring split paraquat 0.14 0.20 0.17 0.72 0.92 0.82
pronamide at 2.46 0.36 0.28 0.32 1.09 1.06 1.07
pronamide at 3.70 0.46 0.58 0.52 1.31 1.20 1.25
unseeded pronamide at 2.46 --- --- 0.16 --- ---
unseeded pronamide at 3.70 --- --- --- 0.41 --- ---
unseeded nitrogen fertilized --- --- --- --- 0.26 ---
unseeded untreated --- --- --- 0.12 --- ---
LSD(.05) within a column 0.292 0.301 0.149 0.373 0.489 0.310
LSD(.05) across seeding dates 0.237 0.507
Contrasts Values iof F-tests and significance
glyphosate means:
split vs single applic.
23 Oct. vs 13 Nov. appl. 
23 Oct. vs 1 May applied 
pronamide at 2.46 vs 3.70 











^  Ins 1.4ns
MSE (seeding dates)





+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
# Yield of new alfalfa in alleys treated with glyphosate on 1 May, seeded 
with 'Iroquois' was 0.83 tons/ha, alfalfa yield on 19 Oct. was 1.87 t/ha.
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Table 33. Alfalfa yield on 12 June 1980, and visual rating of alfalfa
ground cover on 7 July 1980 at Epsom.
Alfalfa yield on Alfalfa ground cover
12 June 198Qg________  on 7 July 19808
Treatment Seeding date: 25 Apr 3 May Mean 25 Apr 3 May Mean
glyphosate on 23 Oct. —  metric tons/ha -- - % ground cover —







0.96 « L*‘ 24L*‘
21t _ 
34
at 2.13 2.03 1.28 1.65 57 36 47 8
at 2.99 2.18 1.95 2.07 70 55 63
glyphosate on 13 Nov.
at 0.37 1.83 ------- ___ — 59 _ ___
at 1.76 2.33ns ------- — — 71ns — —
at 2.63 2.46 ------- ------- 63 — —
at 3.52 2.27 ------- ------- 69 — —
glyphosate on 1 May
2.75 68at 0.75 ------- — .— — —
at 1.49 ------- 2.75ns ------- — 72ns —
at 2.24 ------- 2.35 ------- — 64 —
at 2.99 ------- 2.24 ------- — 69 —
split glyphosate ------- 1.45 ------- — 39 —
paraquat ------- 1.74 ------- — 45 —
fall-spring split paraquat 1.75 1.60 1.67 39 46 43
pronamide at 2.46 1.96 1.90 1.93 55 53 54
pronamide at 3.70 2.16 1.74 1.95 64 58 61
unseeded pronamide at 2.46 0.48 ------- ------- 10 — —
unseeded pronamide at 3.70 0.67 ------- ------- 17 — —
unseeded nitrogen fertilized ------- 0.50 ------- — 11 —
unseeded untreated 0.28 ------- ------- 8 — —
LSD(.05) within a column 0.738 0.867 0.488 15.3 13.1 11.7
LSD(.05) across seeding dates 0.710 16 .0
Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic.
23 Oct. vs 13 Nov applied 
23 Oct. vs 1 May applied 
pronamide at 2.46 vs 3.70 
pronamide seeded vs unseeded
16.1**

















+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
1 Alfalfa yield of alleys treated with glyphosate on 1 May, seeded with 
'Iroquois' alfalfa was 2.99 tons/ha, alfalfa ground cover was 85%. 
Adjacent field reseeded conventionally in May of 1979 yielded 
1.52 tons/ha alfalfa, alfalfa ground cover was 51% on 7 July 1980.
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Table 34. Crude protein percentages of selected treatments harvested




Treatment 14 June 1979 12 June 1980
glyphosate on 23 Oct.
-------(% crude protein)------
25 April at 2.13 kg/ha — 14.5bc*
II at 2.99 
glyphosate on 13 Nov.
16.7a
25 April at 1.76 — 16.Oab
IV at 2.63 
glyphosate on 1 May
17.0a
3 May at 0.75 — 15.4ab
II at 1.49 — 16.3ab
25 April pronamide at 3.70 — 15.3ab
Unseeded pronamide at 2.46 J16.7a*
—
II pronamide at 3.70 11.6d
IV untreated 10.4c 12.5cd
II
MSE _____
nitrogen fertilized 14.2b 16.6a
2.66
Alleys treated with glyphosate on 1 May, seeded
with 'Iroquois' alfalfa on 3 May ................ 17.9a**
Adjacent field conventionally reseeded in May .....  13.3b
*Treatments followed by the same letter do not differ at the 5% level.
**Treatments seeded in adjacent areas differ at the 1% level. These 
were not randomized with treatments in the main experiment.
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Alfalfa yield increased significantly from 2.46 to 3.70 kg/ha of 
pronamide only at the 27 July 1979 harvest (Table 32). Pronamide in 
general resulted in alfalfa yields on par with those from the highest 
rate of glyphosate applied on 23 October, and inferior to results for 
the higher rates of glyphosate applied in November and all rates applied 
in May. Although grass control with pronamide was generally quite good, 
there was a broadleaf weed problem with pronamide treatments, only part 
of which was old alfalfa. With pronamide treatment, seeded plots were 
significantly better than unseeded ones in terms of new alfalfa yield 
on 27 July, and alfalfa yields on 19 October and 12 June 1980, due to the 
scarcity of old alfalfa plants at this location (Tables 32-33).
A significant interaction of seeding date with rate of glyphosate 
applied in October existed for alfalfa ground cover rating on 7 July 
1980 (Table 33). Alfalfa ground cover was greater with 25 April than 
with 3 May seeding for the three highest, but not the lowest rate. Rate 
differences for glyphosate applied on 13 November and 1 May were not 
significant (Table 33). Paraquat and split application of glyphosate 
treatments resulted in ground cover ratings in the range of that obtained 
with 2.1 kg/ha of glyphosate applied on 23 October, and significantly 
lower than those for glyphosate applied in November or May.
Results Pooling Data from Epsom and Lee
Yiel'1. of alfalfa at the fall harvest of 1979 was pooled for all 
seeded plots at Epsom and Lee, and predicted as a sixth order trend 
surface (regression) on two variables, the percentage grass in the July
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1979 harvest, and the yield of old alfalfa in that harvest. Both of 
these variables should be expected to have negative effects on establish­
ment of seedings, but as surviving old alfalfa plants could contribute 
to alfalfa yield in the fall, the effects on yield might be complex.
Ttoo general groups of treatments at Lee provided good control of 
both grass and old alfalfa: (1) the ’favorable' combinations of 2 May
treatment with glyphosate/21 May seeding, and split application of 
glyphosate with both seedings; and (2), the 'unfavorable' combinations 
of glyphosate applied just prior to 4 May and 41 May seedings. Figures 
3a and 3b show two views of the fall alfalfa yield trend surface when 
the 'favorable' combinations are excluded from the regression, and 
figures 4a and 4b view the surface which results from the exclusion of 
the 'unfavorable' combinations.
These surfaces (Figures 3a-4b) all show the expected negative 
effects of grass competition on alfalfa yield, but an interesting pattern 
can be seen in the response of fall alfalfa yield to old alfalfa yield 
in the region near zero percent grass. Peaks in fall alfalfa yield occur 
near 1.0 and 3.6 tons/ha of old alfalfa yield in July, and valleys near 
2.0 and 0.0 (Figure 3) or 2.0 and 0.2 tons/ha (Figure 4). The differ­
ence between Figures 3 and 4 in the near zero grass/less than 0.3 tons/ha 
old alfalfa region is due to the lower yield of the 'unfavorable' com­
binations (glyphosate treatment just prior to seeding) included in 
Figure 3 relative to the higher yield of the 'favorable' combinations 
Included in Figure 4. In both cases the peak near 1.0 tons/ha of old 
alfalfa corresponds to an amount of old alfalfa growth which did
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Figure 3a. Trend surface of alfalfa yield on 31 August 1979 at Lee and 
on 19 October 1979 at Epsom as a 61-*1 order function of 
percentage grass and old alfalfa yield on 20 July 1979 (Lee) 
or 27 July 1979 (Epsom). Surface excludes the following 
treatments at Lee: split glyphosate for both seeding dates 

















in figure 3a, viewing
Figure 3b. Same surface as
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Figure 4a. Trend surface of alfalfa yield on 31 August 1979 at Lee and 
on 19 October 1979 at Epsom as a b*-*1 order function of 
percentage grass and old alfalfa yield on 20 July 1979 (Lee) 
or 27 July 1979 (Epsom). Surface excludes the following 
treatments at Lee: 2 May glyphosate/4 May seeding and 
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not seriously interfere with the establishment of new seedlings, but 
did contribute to the yield potential of the fall harvest of the resulting 
stand. The dip centered near 2.0 tons/ha of old alfalfa indicates that 
such an amount of old alfalfa seriously hindered the establishment of 
new seedlings, but could not give maximal yields by itself. The peak at
3.6 tons/ha comes from plots which already had enough old alfalfa to be 
high yielding without the addition of any more alfalfa plants.
Figures 5a-6b show trend surfaces for alfalfa ground cover several 
weeks after the first harvest of 1980 at Lee and Epsom, with the 'favor­
able* or 'unfavorable' combinations excluded, respectively. The zero 
grass regions of both surfaces have the same peak at 3.6 and valley at 
around 2.2 tons/ha of old alfalfa seen before in fall 1979 alfalfa yield 
trend surfaces. However, quite dramatic differences exist between the 
zero grass regions of Figures 5 and 6 from 0 to 2 tons/ha of old alfalfa. 
When the 'favorable' combinations are excluded (Figures 5a and 5b), the 
trend surface is nearly flat from 0 to 2 tons/ha of old alfalfa, at a 
level somewhat below the maximum possible response as defined by that 
found at 3.6 tons/ha of old alfalfa. The flatness of the region from 0 
to 2 tons/ha of old alfalfa in Figures 5a and 5b implies that whatever 
substitution of new alfalfa plants for old ones took place here, the 
result was a similar stand. When the 'unfavorable' combinations in­
volving seeding soon after glyphosate treatment are excluded (Figures 6a 
and 6b), the trend surface has one peak at 0.0 tons/ha of old alfalfa, 
a nearby dip, another peak around 1.2 tons/ha, and then a drop to a 
minimum near 2.0 tons/ha old alfalfa. The 1.2 tons/ha old alfalfa peak 
in Figure 6b corresponds to 4 May seeding with split application of 
glyphosate applied on 2 May. Seedings made on 21 May with the three
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Figure 5a. Trend surface of visual rating of alfalfa ground cover on 
23 June 1980 at Lee and on 7 July 1980 at Epsom as a 6^  
order function of percentage grass and old alfalfa yield on 
20 July 1979 (Lee) or 27 July 1979 (Epsom). Surface 
excludes the following treatments at Lee: split glyphosate 
for both seeding dates and 2 May glyphosate/21 May seeding. 
Viewing angle azimuth 128°, elevation 45°.
Predicted alfalfa ground cover rating (%)
100
July oid aif J ; 7 !
alu ct/hi;
Figure 5b. Same surface as
elevation 20°.0.9



















Figure 6 a.. Trend surface of visual rating of alfalfa ground cover on 
23 June 1980 at Lee and on 7 July 1980 at Epsom as a 6t*1 
order function of percentage grass and old alfalfa yield on 
20 July 1979 (Lee) or 27 July 1979 (Epsom). Surface 
excludes the following treatments at Lee: 2 May glyphosate/
4 May seeding and 16 May glyphosate/21 May seeding. Viewing 
angle azimuth 128°, elevation 45°.
Figure 
6a.
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highest rates of glyphosate applied on 2 May are the treatments responsible 
for the peak in the zero grass/zero old alfalfa region.
Pittsfield
At the time of the application of herbicides in the fall of 1978, 
the sward at this location appeared to be nearly all grass. It had no 
existing alfalfa, and was judged to not have enough broadleaf weeds to 
warrant broadcast application of 2,4-D dr dicamba. However, numerous 
broadleaf weeds appeared the next spring, particularly bedstraw and 
seedling red clover, in plots treated with glyphosate or pronamide the 
preceding fall. In contrast, glyphosate applied in May at 1.5 kg/ha or 
more effectively controlled both the grasses and the broadleaf weeds, 
and such treatment resulted in high percentage of alfalfa the first 
harvest (Table 36).
Alfalfa seedling density (Table 35) showed linear increases with 
rate of glyphosate applied on 20 October for both seeding dates, with 
22 May seeding having greater seedling density than 4 May seeding by
O
an average of 38 seedlings per m . There was no rate of glyphosate 
applied in October by seeding date interaction. Significant seeding 
date by date of glyphosate application interactions did not occur for 
alfalfa seedling density, visual stand rating, and botanical composition 
on 26 July 1979 (Tables 35-36). Seedling densities for glyphosate 
applied on 20 October, 1 May and 18 May were all similar with 22 May 
seeding, whereas seedling density was lower for spring compared to fall 
treatment with 4 May seeding (Table 35).
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Table 35. Alfalfa seedling density, 22 June 1979, and visual rating of
alfalfa stand, 26 July 1979 at Pittsfield.
Alfalfa seedling Visual rating of
Treatment Seeding date:
glyphosate on 20 Oct. 
















fall-spring split paraquat 
spring split paraquat 
pronamide at 2.46 




2.46 + paraquat 
3.70 + paraquat 
clipped
LSD(.05) within a column 
LSD(.05) across seeding dates
4 May 22 May Mean 4 May 22 May Mean







































--- 145 - — — 68 —
--- 153 --- — 82 —
138 175 157 58 92 75
72 115 93 28 23 26
71 89 80 25 28 26
--- 151 --- — 48 —
79 157 118 28 39 33
108 135 122 50 49 50
--- 190 -- — 74 —
-- 188 --- — 75 —
--- 55 --- — 18 —
48.4 60.3 39.9 15.8 15.4 10.8
54. 5 16.9
Values of F-itests and significance.Contrasts 
glyphosate means:
split vs single applic. 
Oct. vs May applied 
1 May vs 18 May applied 
pronamide vs pron. + paraq. 
pronamide at 2.46 vs 3.70
2.7ns < Ins 1.6ns
8.4** < Ins Int.*




  2.7ns --
  31.8** --
1.4ns <lns <lns 8.2** 1.2ns 9.1**
MSE (seeding dates) 





+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
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Table 36. Botanical composition of 26 July 1979 harvest at Pittsfield.
Alfalfa________  All grasses
Treatment Seeding date: 4 May 22 May Mean
______”/ .
4 May 22 May Mean
glyphosate on 20 Oct.
at 0.67 kg/ha 
at 1.42








at 2.13 61 49 55sig. 24 23 22
at 2.83 50 47 48 21 23 22
glyphosate on 1 May
at 0.75
^L** o«L** IIl **
37
:,L** 54t „, „Int
at 1.49 
at 2.24




at 2.99 67 85 76 16 7 11






at 2.24 — 87 - -- 6 —
at 2.99 — 92 -- -- 4 —
split glyphosate 48 78 63 38 17 27
paraquat 16 16 16 65 73 69
fall-spring split paraquat 12 15 13 74 76 75
spring split paraquat — 33 — — 55 —
pronamide at 2.46 19 38 28 54 25 39
pronamide at 3.70 50 52 52 10 10 10
pronamide at 2.46 + paraquat — 71 — — 16 —
pronamide at 3.70 + paraquat — 86 — — 6 —
clipped, no herbicide — 10 — — 82 —
unseeded nitrogen fertilized 0 — — 95 — —
LSD(.05) within a column 15.7 16.9 12.5 16.2 15.2 11.9
LSD(.05) across seeding dates 21 .4 18. 1
Contrasts Values of F--tests and significance
glyphosate means:
split vs single applic. <lns 
Oct. vs May applied 15.0**
1 May vs 18 May applied ---
pronamide vs pron. + paraq. ---
pronamide at 2.46 vs 3.70 16.9**
4.8* 
89.4** 






< Ins <lns 
<lns 29.1**
--- <  Ins
--- 1.3ns
29.9** 5.5*









+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
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The fall versus spring application of glyphosate by seeding date 
interaction for visual stand rating and botanical composition on 27 July 
1979 differed from the interaction for seedling density. Glyphosate 
applied on 20 October and on 1 May did not significantly differ in visual 
stand rating for the 4 May seeding date, but did for the 22 May seeding. 
With 22 May seeding, glyphosate applied on 1 May resulted in higher 
stand rating than when applied on 20 October (Table 35). Linear and 
quadratic responses of visual stand rating to herbicide rate occurred 
for glyphosate applied on both 20 October and 1 May for both seeding 
dates. Optimum rate of glyphosate applied on October was near 2.1 kg/ha, 
while 1.5 kg/ha was sufficient for highest stand rating with 1 May applica­
tion. The only significant difference in ratings between glyphosate ap­
plied on 1 May and on 18 May occurred in the rate response of visual 
stand rating (Table 35), with glyphosate applied on 1 May reaching 
optimum at a lower rate than when applied on 18 May. Glyphosate applied 
on 18 May showed only linear rate effects, with 3.0 kg/ha being required 
for maximum stand rating (Table 35).
A seeding date by date of application of glyphosate interaction 
occurred for botanical composition on 26 July, similar to that for visual 
stand rating. The average 26 July percentage alfalfa for glyphosate 
applied in October was similar for both seeding dates, while for 
glyphosate applied on 1 May, it was higher for 22 May than for 4 May 
seeding (Table 36). Linear and quadratic rate responses of percentage 
alfalfa occurred for glyphosate applied in October with the earlier 
seeding date. With 22 May seeding, alfalfa percentage increased linearly 
with rate of glyphosate applied on 20 October and on 18 May.
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Split application of glyphosate was superior to the mean of all 
single application of glyphosate treatments for the visual stand rating 
(Table 35) and 26 July percentage alfalfa (Table 36), but not for 
seedling density (Table 35), 26 July percentage grass (Table 36), or 
botanical composition ratings on 19 October 1979 and 11 June 1980 
(Tables 37-38). Paraquat applied at seeding following pronamide treat­
ment the previous fall improved establishment of alfalfa in terms of 
all responses, but did not affect percentage grass in 1979 (Tables 35- 
38). Alfalfa stand rating for 4 May seeding (Table 35) and the botanical 
composition of all harvests (Tables 36-38) differed between 2.46 and 
3.70 kg/ha of pronamide, with better establishment of alfalfa at the 
higher rate.
Botanical composition on 19 October 1979 (Table 37) and 11 June 
1980 (Table 38) treatment effects were similar to those present on 26 
July 1979. Alfalfa percentage on 19 October had a significant seeding 
date by date of application of glyphosate interaction, with the 22 May 
seeding performing better than the 4 May seeding with glyphosate applied 
on 1 May and with the two lower, but not the two higher rates of 
glyphosate applied in October. Interaction between rate response to 
glyphosate applied in October and seeding date occurred for alfalfa 
percentage on both 19 October 1979 and 11 June 1980. The rate of 
glyphosate giving the highest percentage alfalfa at these two harvests 
was 2.1 to 2.2 kg/ha for all combinations of treatment date and 
seeding date except application of glyphosate on 18 May with 22 May 
seeding, for which it was 3.0 kg/ha.
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glyphosate on 20 Oct. 
















fall-spring split paraquat 
spring split paraquat 
pronamide at 2.46 
pronamide at 3.70 
pronamide at 2.46 + paraquat 
pronamide at 3.70 + paraquat 
clipped, no herbicide 
unseeded nitrogen fertilized
LSD(.05) within a column 
LSD(.05) across seeding dates
4 May 22 May Mean
______V



































— 78 — — 20 —
— 91 — — 5 —
38 60 49 48 27 38
16 18 17 74 80 77
12 15 14 82 81 81
— 24 — — 74 —
15 48 32 61 38 49
48 66 57 12 18 15
— 63 — — 28 —
— 88 — — 8 —
— 15 — — 80 —
0 — — 98 — —
17.2 20.4 14.6 11.9 18.4 11.9
28.01 17.Sl
Values of F-tests and significance
1.4ns <lns <lns 2.0ns <lns <  Ins
14.6** 40.5** Int.+ 19.1** 15.4** 24.8**
--- < Ins --- --- <lns --
-- 6.3* -- -- 2.2ns --
15.4** 8.6** 11.6** 68.6** 9.0** Int. *
1119 170
143 208 215 69 170 144
Contrasts 
glyphosate means:
split vs single applic. 
Oct. vs May applied 
1 May vs 18 May applied 
pronamide vs pron. + paraq. 
pronamide at 2.46 vs 3.70
MSE (seeding dates) 
MSE (herbicides)
+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
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Table 38. Botanical composition of 11 June 1980 harvest at Pittsfield.
Alfalfa
Treatment Seeding date
glyphosate on 20 Oct. 
















fall-spring split paraquat 
spring split paraquat 
pronamide at 2.46 
pronamide at 3.70 
pronamide at 2.46 + paraquat 
pronamide at 3.70 + paraquat 
clipped, no herbicide 
unseeded nitrogen fertilized
LSD(.05) within a column 13.8 
LSD(.05) across seeding dates






































































Contrasts Values of F-ltests and significance
glyphosate means:
split vs single applic. <■ Ins 1.6ns <lns <lns 1.2ns <  Ins
Oct. vs May applied 10.2** 22.2** 24.7** 3.4+ 20.4** Int.*
1 May vs 18 May applied -- <  Ins -- -- <  Ins --
pronamide vs pron. + paraq. -- 1.6ns -- -- <lns --
pronamide at 2.46 vs 3.70 43.3** 6.2* Int.* 52.4** 6.9* Int.*
MSE (seeding dates) 





+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
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Split application glyphosate was superior to single application in 
terms of alfalfa yield only for the 26 July 1979 harvest of the 22 May 
seeding (Table 39). Likewise, application of glyphosate on 1 May and on 
18 May differed in alfalfa yield only on 26 July 1979 (Table 39).
Seeding date by date of application of glyphosate interaction existed 
for 26 July and 19 October 1979 alfalfa yield (Table 39), but not for 
11 June 1980 alfalfa yield or 7 July 1980 alfalfa ground cover (Table 
40).
Interaction of rate of glyphosate applied in October by seeding 
date occurred for all alfalfa yields and for alfalfa ground cover in
July of 1980 (Tables 39-40). Little difference due to rate was- present
for glyphosate applied in October with 22 May seeding. However, with
4 May seeding, the lowest rate gave very poor results, while the two
highest rates gave excellent results, yielding more alfalfa than when 
seeded on 22 May (Tables 39-40). Optimum rate of glyphosate for all 
combinations of dates of application and of seeding was about 2.2 kg/ha, 
except for application on 18 May, which was 3.0 kg/ha.
Addition of paraquat at seeding to pronamide treatment the previous
fall improved alfalfa yields over those from pronamide treatment for
yields in 1979 but not in 1980 (Tables 39-40). With 4 May seeding, all
alfalfa yields and the alfalfa ground cover rating improved significantly
from 2.46 to 3.70 kg/ha of pronamide, but with 22 May seeding, only the 
11 June 1980 alfalfa yield improved with pronamide rate (Tables 39-40). 
For all common treatments except the two highest rates of glyphosate 
applied on 20 October, 22 May seeding was more satisfactory in this 
experiment than 4 May seeding. The stand in the 4 May seeded area was
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pronamide at 3.70 + paraq. 
clipped, no herbicide
LSD(.05) within a column 0.383 
LSD(.05) across seeding dates 0.519
26 July harvest 19 Oct. harvest





























0.86 1.20 1.03 1.07 1.45 1.26
----
O ’^ l **
0.87
---- ---- 0-79l** 
1.08
---
--- 0.93 --- --- 1.33 ----
---- 1.18 --- --- 1.56 ---
0.81 1.24 1.02 0.68 1.23 0.96
0.24 0.13 0.19 0.30 0.24 0.27
0.23 0.17 0.20 0.20 0.20 0.20
--- 0.61 --- --- 0.40 ---
0.30 0.54 0.42 0.26 0.81 0.54
0.75 0.70 0.72 0.67 0.90 0.78
--- 1.02 --- --- 1.09 ---
--- 1.16 --- --- 1.40 ---








split vs single applic. 
Oct. vs May applied 
1 May vs 18 May applied 
pronamide vs pron. + par. 
pronamide at 2.46 vs 3.70























MSE (seeding dates) 





+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
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Table 40. Alfalfa yield on 11 June 1980 and visual rating of alfalfa
ground cover on 7 July 1980 at Pittsfield.
Alfalfa yield on 
11 June 1980
Alfalfa ground 
cover on 7 July
Treatment Seeding date: 4 May 22 May Mean 4 May 22 May Mean
glyphosate on 20 Oct. - metric tons/ha ---
% ground cover








41 t „ 
63 ^
at 2.13 3 .72 3.23 3.48 77 81 79S 8
at 2.83 3.40 2.31 2.85 70 60 65













at 2.24 3.36 3.39 3.37Q 79 92 85
at 2.99 3.22 3.55 3.38 68 85 77
glyphosate on 18 May
at 0.75 ---- 2-43l **
---- —
64t,* —
at 1.49 ---- 3.00 ---- — 69 —
at 2.24 ---- 3.27 ---- — 86 —
at 2.99 ---- 4.02 ---- — 91 —
split glyphosate 2.99 2.80 2.90 69 74 72
paraquat 2.14 1.73 1.94 52 51 51
fall-spring split paraquat 1.15 1.68 1.42 31 38 35
spring split paraquat ---- 1.85 ---- — 58 —
pronamide at 2.46 1.44 2.77 2.10 33 66 50
pronamide at 3.70 3.27 3.09 3.18 61 81 71
pronamide at 2.46 + paraquat ---- 2.89 ---- — 80 —
pronamide at 3.70 + paraquat ---- 3.82 ---- — 92 —
clipped, no herbicide ---- 1.33 ---- — 35 —
LSD(.05) within a column 1.026 0.976 0.756 18.4 24.1 16.6
LSD(.05) across seeding dates 1.790 41. 1
Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic.
Oct. vs May applied 
1 May vs 18 May applied 
pronamide vs pron. + paraq. 
pronamide at 2.46 vs 3.70 ]




























+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
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more erratic than In the 22 May seeded area, and this may be due to 
Insect predation during the Interval between the two seeding dates, 
soil moisture/temperature effects on the seedlings, particularly during 
the critical first few days after germination, and/or other unknown 
causes. The soil moisture/temperature conditions in mid to late May 
may have been conducive for the occurrence of allelopathic effects, es­
pecially the saturation of the soil during this time.
Crude protein of the 26 July 1979 harvest (Table 41) was higher for 
the glyphosate applied on 1 May treatment, which was dominated by alfalfa, 
than for the rather weedy plots which had received glyphosate in October. 
Nitrogen fertilized grass regrowth was as high in crude protein at 20.3 
percent as the most alfalfa dominated treatment, 22 May seeding with 
glyphosate applied on 18 May was at 20.0 percent (Table 41).
Northwood
Seedling densities of the best treatments at this site were sub­
stantially lower than for the majority of treatments at the other 
locations seeded in 1979. The soil was fully saturated at time of 
seeding, and tilth in the no-till seedbed rows was poor. The Paxton 
soil on this north facing slope remained cool and moist well into June 
of 1979, and this combined with the protection provided by the cover of 
killed vegetation to produce an environment extremely favorable for 
slugs (Deroceras spp.), which destroyed many alfalfa seedlings.
Glyphosate applied in October failed to adequately control the 
grasses even at 3.0 kg/ha. Most species present in the vegetation, 
which had appeared pale and yellow in the fall of 1978, were probably
Ill
Table 41. Crude protein percentages of selected treatments harvested
in 1970-1980 at Pittsfield.
Harvest date: 26 July 1979 11 June 1980
Treatment Seeding date: 4 May 22 May Mean _ 22 May
glyphosate on 20 October
---------— (percent crude protein)—
at 2.13 kg/ha 14.4c@ 16.6b 15.5b 17.Obc
glyphosate on 1 May
at 0.75 NA-H- NA NA 17.2bc
at 1.49 NA NA NA 17.7abc
at 2.24 16.8b 18.8ab 17.8a 19.5ab
L+
glyphosate on 18 May
at 1.49 — NA — 15.7cd
at 2.24 — 20.0a — 17.2bc
at 2.99 — NA — 19.3ab
L*
split glyphosate 15.3bc 18.lab 16.7ab NA
spring split paraquat — NA — 14.lde
pronamide at 3.70 + paraq . — NA — 20: la
clipped, no herbicide — NA — 12.5e
unseeded nitrogen fertil. 20.3a 17.6abc
LSD(.05) within a column 2.25 3.35 1.62 2.80
MSE (seeding dates) 6.224
MSE (herbicides) 1.981 4.397 2.217 3.762
Contrasts Values of F-tests and significance
glyphosate means:
split vs single applic. <lns 
Oct. vs May applied 5.7*




<  Ins 
9.5** <lns 
<  Ins
+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
@ Means followed by the same letter within a column do not differ at 
the .05 level.
++ NA = Treatment was not analyzed for crude protein.
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too inactive then to adequately translocate and succumb to glyphosate. 
There were linear increases with rate of glyphosate applied on 23 October 
in terms of alfalfa seedling density, alfalfa percentage on 22 October 
1979 and on 12 June 1980, and grass percentage on 7 August and 22 
October 1979 (Tables 42-43). The rate needed to adequately control the 
grasses was apparently much greater than 3.0 kg/ha.
The contrast of results for glyphosate applied in October versus 
May was significant for all responses except alfalfa seedling density 
(Tables 42-44). Application of glyphosate on 7 May was superior to 
application on 23 plus 29 May for all responses (Tables 42-44). The split 
application in late May was made because a heavy rain within two hours 
after treatment on 23 May undoubtedly washed off much of the glyphosate 
before absorption, and poor control of the grasses probably would have 
resulted without re-application. Results from treatment with glyphosate 
at 1.5 kg/ha on 29 May generally did not differ from those for the mean 
of all rates of glyphosate split applied on 23 plus 29 May (Tables 42-44).
Rate response to glyphosate applied on 7 May occurred in alfalfa 
yield and percentage on 22 October 1979 and grass percentage on 7 August 
and 22 October 1979 (Tables 42-44). Optimum rate for these responses 
fell in the range of 1.5 to 2.2 kg/ha glyphosate. A generally linear 
response occurred with glyphosate applied on 23 plus 29 May in all 
responses except seedling density, and the optimum rate was around 2.2 
plus 1.1 kg/ha glyphosate (Tables 42-44).
Fall applied pronamide plus paraquat on 29 May was significantly 
better than the alternative of pronamide plus 2,4-D on 29 May in all 
responses except alfalfa percentage and yield on 7 August 1979 (Tables 
42-44). Both rates of 2,4-D seriously interfered with successful
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Table 42. Alfalfa seedling density on 3 July 1979, and botanical
composition of 7 August and 22 Oct. 1979 harvests at Northwood.
Treatment (kg/ha)










glyphosate on 23 May + 29 May 
at 0.75 + 0.37 
at 1.49 + 0.75 
at 2.24 + 1.12 
at 2.99 + 1.49
glyphosate at 1.49 on 29 May 
spring split paraquat 
fall-spring split paraquat 
pronamide at 3.09 + paraquat 
pronamide at 4.20 + paraquat 
pronamide + 2,4-D at 0.56 
pronamide + 2,4-D at 1.12 
clipped, no herbicide 
unseeded nitrogen fertilized
LSD(.05) within a column 
MSE
seedling 7 August 1979 22 Oct. 1979









49 1 78 5 61









71 44 45 22













27 22 64 37 49
22 11 55 21 57
48 10 78 29 55
56 8 74 17 58
60 24 43 51 28
84 36 32 60 16
38 14 59 26 53
20 26 54 32 53
11 0 79 3 74
— 0 83 0 74
29.2 11.8° 10.2° 10.4° 8.9°
423.5 69.7° 51.7° 54.1° 39.8°
Contrasts Values of F-tests and significance
glyphosate means:
Oct. vs May applied <lns 101.** 29.7** 150.** 33.5**
7 May vs 23 + 29 May applied 36.9** 37.6** 33.1** 72.2** 81.5**
23 + 29 May vs 29 May appl. <  Ins ins 8.0** <  Ins <  Ins
pron. + paraq. vs pron. + 2,4-D 17.9** 2.4ns 9.5** 18.5** 37.6**
2,4-D rate 1.5ns 2.2ns <  Ins <  Ins <  Ins
pronamide rate (with paraquat) 2.8ns 1.5ns 1.7ns <  Ins 3.6+
+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects. 
§ Arcsine"/”analysis used.
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Table 43. Botanical composition and crude protein percentage of 12 June
1980 harvest, and visual rating of alfalfa ground cover on
7 July 1980 at Northwood.
12 June 1980 harvest_________  Alfalfa
§Botanical composition Crude ground 
Treatment (kg/ha) Alfalfa Grasses protein cover
glyphosate on 23 Oct.
— --------— ------% ----- --- — ---- % cover
at 0.75 2t + 75 io. 9 1
at 1.49 3 70nS
ns gllS
at 2.24 8 70 — 7
at 2.99 12 57 11.7 5
glyphosate on 7 May
at 0.75 51 36 15.4T ,, 36
at 1.49 71ns 22ns 16.2L 42ns
at 2.24 69 24 17.3 46
at 2.99 68 26 17.2 40
glyphosate on 23 May + 29 May
at 0.75 + 0.37 
at 1.49 + 0.75 21l
69l*73 u'H-
at 2.24 + 1.12 41 54 15.2 24
at 2.99 + 1.49 41 50 — 8
glyphosate at 1.49 on 29 May 21 56 — 10
spring split paraquat 39 47 — 27
fall-spring split paraquat 21 65 — 13
pronamide at 3.09 + paraquat 50 33 — 41
pronamide at 4.20 + paraquat 62 18 16.5 38
pronamide + 2,4-D at 0.56 26 62 12.3 14
pronamide + 2,4-D at 1.12 27 61 — 17
clipped, no herbicide 5 76 11.2 3
unseeded nitrogen fertilized 0 86 — 0
LSD(.05) within a column 13.0° 12.6° 3.11 16.0
MSE 83.8° 79.0° 4.25 128.3
Contrasts Values of F-tests and significance
glyphosate means:
Oct. vs May applied 101.** 
7 May vs 23 + 29 May applied 53.5** 
23 + 29 May vs 29 May applied < Ins 
pron. + paraq. vs pron. + 2,4-D 14.6** 
2,4-D rate <lns 
















+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects. 
§ Arcsine/"analysis used.
4+ Linear herbicide rate effect was significant at the .20 level.
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Table 44. Alfalfa yields of 7 August, 22 Oct. 1979 and 12 June 1980
harvests at Northwood.
Treatment (kg/ha)










glyphosate on 23 May + 29 May 
at 0.75 + 0.37 
at 1.49 + 0.75 
at 2.24 + 1.12 
at 2.99 + 1.49
glyphosate at 1.49 on 29 May 
spring split paraquat 
fall-spring split paraquat 
pronamide at 3.09 + paraquat 
pronamide at 4.20 + paraquat 
pronamide + 2,4-D at 0.56 
pronamide + 2,4-D at 1.12 
clipped, no herbicide




Oct. vs May applied 
7 May vs 23 + 29 May applied 
23 + 29 May vs 29 May applied 
pron. + paraq. vs pron. + 2,4-D 
2,4-D rate
pronamide rate (with paraquat)
Alfalfa yield by harvests
7 August 22 Oct. 12 June 1980
































Values of F-tests and significance
31.0** 63.6** 60.3**
36.5** 62.6** 56.1**
< Ins <  Ins <  Ins
<  Ins 10.5** 9.0*
2.7ns 1.3ns <  Ins
2.8ns < Ins <lns
+,*,** Indicates significance at the .10, .05, and .01 levels.
L,Q,C Refers to linear, quadratic, and cubic herbicide rate effects.
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germination and emergence of alfalfa seedlings. While the higher rate 
gave somewhat better control of dandelions (released from grass com­
petition by pronamide treatment), it also was more toxic to seedlings. 
When used in combination with paraquat, the two rates of pronamide dif­
fered in grass control, most noticeably on 22 October 1979 (Table 42).
Durham
Since results of seedings made in 1979 on wet Paxton soils had been 
unsatisfactory for some treatments, especially glyphosate applied shortly 
before seeding, a further study of the factors involved in producing such 
results was conducted in 1980. Ten dates of application of 2.2 kg/ha 
glyphosate were used, ranging from 9 May to 31 May, with the no-till 
seeding being made on 28 May. The use of banded ammonium polyphosate 
(165-560-0 kg/ha in the row) was associated with a substantial reduction 
in the number of seedlings in an adjacent experiment when compared to a 
control without banded fertilizer, and use of this material undoubtedly 
contributed to low seedling density for even the best treatment used in 
this study (Table 45).
Ethylene was detected in physiologically significant concentrations 
in some plots at some of the sampling dates (highest level 0.17 ppm), 
but failed to be consistently affected by application date or to cor­
relate with any other response. However, the possibility exists that 
ethylene had an impact on germination and early seedling growth of 
alfalfa.
Measurements of soil moisture at this site over the summer of 1980 
(Figure 7) indicated some odd drainage characteristics. The percent
Table 45. Alfalfa seedling density, component yields on 28 July, visual rating of alfalfa stand on 8 Aug., 
botanical composition on 24 Sept., and soil ethylene levels in June 1980 at Durham.
Days from Alfalfa Average Alfalfa Alfalfa
treatment seedling soil percentage stand 24 Sept. botanic£
to 28 May density, ethylene Component yields on 28 July of forage, rating, composition
(seeding) 3 July-H- in June* Alfalfa+ Weeds+ Total+ 28 July 8 Aug. Alfalfa Grass
- DTS - _///m2--- - PPm “ ---- metric tons F.W./ha — -- % --- % optimum ----- % ------
19 21 17 2.33 4.58 6.91 36 24 15 27
16 13 21 1.81 3.52 5.33 35 15 20 19
14 11 12 1.59 2.12 3.71 42 20 15 34
12 15 9 1.02 2.43 3.45 30 20 15 37
9 6 35 0.37 0.58 0.95 40 6 16 32
7 4 5 0.92 1.62 2.54 45 3 5 26
5 6 5 0.56 0.80 1.36 45 3 16 21
2 2 22 0.34 0.73 1.07 40 2 10 36
0 3 21 0.20 1.34 1.54 14 4 7 26
-3 3 10 0.17 0.71 0.88 20 1 5 43
dF source Mean squares and level of significance
9 trtmnt. 1.60** 159ns 0.406** 0.628* 0.843** 222ns 201** 62.7* 133ns
1 regress.. 12.70** 11ns 3.330** 4.230** 6.306** 117ns 1496** 314.6** 239ns
8 deviat. 0.21ns 178ns 0.040ns 0.178ns 0.161ns 236ns 40ns 31. 2ns 119ns
13 error 0.23 262 0.060 0.171 0.093 431 21 21.3 254
Transformed linear regression equations from analysis of variance
2 TVT1? 2
Alfalfa seedling density (#/m ) = 2.70 X 1.1085 , r =0.729
Alfalfa fresh weight yield on 28 July (Vtons F.W./ha) = 0.4705 + 0.05269 X DTS , r2=0.752
Total forage fresh weight yield on 28 July (l/tons F.W./ha) = 0.9565 + 0.07823 X DTS , r2=0.718
2
Alfalfa stand rating on 8 August (% optimum stand) = 0.765 + 1.113 X DTS , r =0.714
Alfalfa percentage of forage on 24 Sept. (%) - 8.10 + 0.512 X DTS , r ^ = 0 . 3 7 4 __________________________
*,** Indicates significance at the .05 and .01 levels. & Soil sampled for ethylene on 4,10, and 21 June. 
+,++ Square-root or natural log transformation used in analysis of variance and regression.































i&Soil moisture for 9 May glyphosate 
A  Soil moisture for 31 May glyphosate 








































soil moisture was above theoretical field capacity based on soil type 
and organic matter content at all dates sampled except 26 August, 
despite a dry summer. The soil was fully saturated (51 percent water) on 
12 May, and still above 40 percent water two weeks later, despite vir­
tually no rainfall in that time. As would be expected, a linear effect 
of date of application of glyphosate was present in soil moisture measure­
ment on 27 May. The soil moisture was highest with the earliest herbicide
application, probably because transpiration would have ceased when the 
grasses succumbed to glyphosate. While this conservation of soil mois­
ture by kill of the sward would be a benefit of early treatment on well- 
drained sites, on this poorly drained site it may have been detrimental 
to establishment of alfalfa.
Alfalfa, weeds, and total forage fresh weight on 28 July all showed 
a quadratic response to date of glyphosate treatment, with the curves 
suggesting that treatment earlier than the earliest used (9 May) would
have been even better for plant growth (Table 45 and Figure 8). Small
seeded alfalfa appeared to be relatively more adversely affected by 
treatment immediately prior to seeding than were the volunteer weed 
species. Weed germinating in killed sod included hairy vetch (Vicia 
villosa Roth), oxalis (Oxalis corniculata L .), lambsquarter, pigweed, 
and Virginia cooperleaf (Acalypha virginica L.).
Alfalfa stand rating on 8 August and alfalfa percentage on 24 
September were higher for earlier application of glyphosate (Table 45). 
Alfalfa percentage on 28 July and grass percentage on 24 September were 
significantly affected by date of glyphosate application. In all 
responses, the trend was for better establishment with earlier treatment.
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(DTS) Days between glyphosate treatment and seeding date (28 May)
Alfalfa fresh weight (/tons/ha) ■ 0.4705 + 0.05269 x DTS, r^=0.752
Weeds fresh weight (/tons/ha)= 0.7987 + 0.05938 x DTS, r^=0.533
Forage fresh weight (Vtons/ha) = 0.9565 + 0.07823 x DTS, r^=0.717 
forage yield,not graphed,equals the sum of alfalfa and weed yields.
Figure 8. Predicted fresh weight basis yield of alfalfa and weeds at 
Durham in response to date of glyphosate application.
CONCLUSIONS
Increasing the density of alfalfa plants in runout alfalfa stands 
involved many of the same obstacles facing no-till introduction of 
legumes into any sward. Growth of old alfalfa plants hindered the 
establishment of new seedlings as did growth of grasses. Existing 
alfalfa plants contributed substantially to yield during the seeding 
year, in some instances without seriously interfering with seedling 
establishment.
A dense stand of alfalfa (Pembroke) contained 10 to 20 alfalfa 
2
plants per m , and an untreated check, in early June 1980, yielded 5.2 
tons/ha of forage containing about 50 percent alfalfa. The regrowth 
was about 70 percent alfalfa. Without seeding, treatment with 
pronamide, compared to an untreated check, increased percent crude 
protein from 14.8 percent to 16.7 percent, crude protein yield by 2 
percent, and alfalfa yield by 40 percent,., while decreasing forage yield 
by only 9 percent the first harvest of the second year after treatment. 
In this dense stand of alfalfa, quality was Improved without serious 
yield reduction by the removal of grasses from the sward with pronamide.
A moderately dense stand of alfalfa (Lee) contained about 10
alfalfa plants per m^, and an untreated check, in early June 1980,
yielded 4.1 tons/ha of forage containing about 42 percent alfalfa. The
regrowth was about 75 percent alfalfa. Pronamide treatment of unseeded
plots increased alfalfa yields by 35 and 33 percent, but decreased 
forage yields by 43 and 11 percent on 31 May 1979 and on 4 June 1980, 
respectively, compared to untreated check plots.
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A sparse stand of alfalfa (Epsom) had only 1 to 2 alfalfa plants
2per m , and an untreated check, in early June 1980, yielded 2.5 tons/ha 
of forage containing about 11 percent alfalfa. The regrowth was about 
38 percent alfalfa. Treatment with pronamide without seeding increased 
alfalfa yields by 20 and 40 percent, but decreased forage yields by 49 
and 9 percent in the first harvests of 1979 and 1980.
Glyphosate applied on 28 October at one site had no apparent effect 
on existing alfalfa plants, which were visually dormant at time of 
application. This is in contrast to results at another site where 
glyphosate applied on 1 November decimated the existing alfalfa plants, 
which had appeared green and healthy at time of treatment. Treatment at 
this site with glyphosate on 16 November provided 50 percent control of 
existing alfalfa, similar to the effects of 2,4-D applied on 1 November. 
Alfalfa at a third site was green but extremely short due to grazing in 
the fall before seeding, and not consistently affected by fall-applied 
glyphosate.
Control of grasses by fall application of glyphosate varied from 
site to site; control was acceptable when grasses were green and greater 
than 8 to 10 cm in height at time of treatment, and poor when grasses 
were yellow to brown or extremely short due to previous grazing.
Glyphosate applied in the spring controlled old alfalfa fully 
except when applied in the first week of May at 0.75 kg/ha. Both early 
and later May application of glyphosate resulted in high degrees of 
grass control. Application of glyphosate in the spring generally pro­
vided better control of broadleaf weeds than did fall application.
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All rates of glyphosate except 0.75 kg/ha generally resulted in 
equally satisfactory vegetation control when spring-applied, but seedling 
establishment improved with rate up to 2.2-3.0 kg/ha when seeding took 
place immediately after herbicide application. Establishment of alfalfa 
improved with rate only up to 1.5 kg/ha when vegetation was allowed to 
die and decay for two or more weeks before seeding. Rate responses with 
fall-applied glyphosate varied greatly from site to site, probably due 
to previous management, dry weather, and soil fertility differences.
Fall, compared to spring, treatment was advantageous when treatments 
resulting in equal levels of weed control were compared for seedling 
density and first harvest yield. At the mid- to late-May seedings, 
there was advantage to applying glyphosate at least two weeks in advance 
of seeding, compared to concurrently, in terms of first harvest yield 
(all cases), alfalfa seedling density, yield of seeding year regrowth, 
and yield the first harvest of the next year (two of three cases). De­
creased yield of the first harvest following seeding, slower development 
of the seedlings, and higher percent crude protein was associated with 
the later, compared to the earlier, treatment in May.
The highly desirable combination of kill well in advance of seeding 
and complete control of all existing vegetation was achieved in some 
cases by fall-spring split application of glyphosate for mid- to late-May 
seedings. Fall application of 1.5 kg/ha provided kill of most of the 
vegetation, especially the grasses, and allowed maximum time for de­
composition prior to seeding, while the subsequent application of 0.75 
kg/ha just before seeding controlled nearly all plants escaping fall 
treatment, particularly broadleaf species, but also some grasses. Due
to the fact that vegetation surviving fall treatment is often delayed 
several weeks in spring emergence, fall-spring treatments with non- 
selective, foliar applied materials are not particularly attractive for 
use with early May seedings.
Soils which were near saturation at seeding were much more adversely 
affected by failure to maintain at least a two-week interval between 
glyphosate treatment and seeding than were better-drained soils.
Heavier soils can be seeded later in May without as serious a risk of 
failure due to drouth as light soils would face, and can therefore more 
readily tolerate delay between glyphosate application early in May and 
seeding late in May.
Any of the following factors may contribute to the advantage of 
kill well in advance of seeding compared to kill at time of seeding:
(1) more fully decayed sod permits easier operation of the seeder and 
gives better seed-soil contact, (2) microbial decomposition of killed 
vegetation can produce diffusable toxins (allelopathy), especially under 
very wet conditions with limited amounts of oxygen in the soil, (3) pest 
activity is altered by death of host plants and decay of the sod, and 
(4) an increase in stored soil moisture as a result of reduced trans- 
pirational losses of soil water upon death of vegetation aids seedling 
development if amount of rainfall is a limiting factor.
In a dense stand of alfalfa, the growth of 5.3 tons/ha of old 
alfalfa through early July of the year following pronamide treatment 
was enough to nearly completely prevent seeding establishment. A 
moderately dense stand of alfalfa treated with pronamide yielded 3.8 
tons/ha of old alfalfa through the July harvest, and enough seedlings 
established that the stand was improved significantly by seeding the
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pronamide-treated plots. One reason why seedlings established more suc­
cessfully In the moderately dense stand under competition from old 
alfalfa (pronamide treatments) than in the dense stand was that some of 
the old alfalfa growth was removed on 31 May at the site with the moder­
ately dense stand by harvesting at a height just above the developing 
seedlings. Another factor improving results in the less dense stand 
with pronamide treatment was a relative lack of broadleaf weeds, in 
contrast to the large amounts of dandelions and shepherdspurse present 
in the denser stand. The sparse stand at the third site was generally 
light enough (unseeded pronamide treatment yielded only 0.7 tons/ha 
of alfalfa through the July harvest of the seeding year) that competition 
from old alfalfa plants did not hinder seedling survival.
Paraquat treatments did not provide adequate suppression of old 
alfalfa (or grasses) except when split applied in the spring for a late 
May seeding. Fall-spring split application of paraquat performed no 
better than single application in the spring. While results with spring 
split application of paraquat were better than single application, they 
were not as good as those achieved using pronamide or glyphosate to kill 
grasses well in advance of seeding. Results with paraquat were similar 
to those for 0.75 kg/ha of glyphosate applied in early May. The combina­
tion of fall treatment with pronamide followed by treatment with paraquat 
at time of seeding resulted in better establishment of alfalfa than with 
either herbicide alone.
In a dense stand, seedling establishment occurred, and growth of 
new alfalfa contributed to yield of the renovated stand only in propor­
tion to the amount of suppression of old alfalfa plants from 2,4-D
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applied on 1 November and glyphosate on 16 November. The mixed stand of 
of and new alfalfa plants resulting from such treatments had no greater 
yield potential than a stand consisting of only old alfalfa plants in 
unseeded pronamide treatments. The only treatment which resulted in 
stands with higher yields than the existing one was glyphosate applied 
on 1 November, which provided 90 percent control of old alfalfa.
From trend surface analysis of results at sites with moderate and 
sparse stands of alfalfa, effects of old alfalfa growth on establishment 
of seedlings under conditions of complete grass control were: (1) yields
were not improved by seeding where the yield of old alfalfa through the 
July harvest of the seeding year was in excess of 3.5 tons/ha, indicating 
such stands were already capable of maximum yields, (2) amounts of old 
alfalfa in the range of 2 to 3 tons/ha very seriously interfered with 
success of seedling establishment, even though the initial stand was 
too light for maximum yields, (3) from 0.8 to 1.5 tons/ha of old alfalfa 
growth allowed establishment of many new seedlings while contributing 
to high yields of alfalfa, and (4) completely controlling old alfalfa 
(as well as grasses), resulted in better stands with the combination 
of glyphosate in early May and seeding in later May than when seeding 
immediately followed glyphosate treatment.
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